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The present article is a short outline of editorial policies 
with the reasons for their adoption and a brief series of sug- 
gestions as to desirable and undesirable features of manuscripts 
presented for publication in the ANNALS. It is published with 
the hope that those who have not traveled along the devious 
path of editorship will see more clearly the problems that beset 
editorial effort and so gain a better understanding of these. 
They will be able to present the type of article demanded 
by a scientific public which is constantly becoming more 
discriminating. Too often authors lack a clear conception of 
editorial policies, with the reasons for their establishment, and 
too frequently have little realization of the heavy obligations 
to the reader. A clearer understanding of these matters 
should reduce the difficulties of editorial work and increase the 
production of sounder and more useful contributions to the 
literature of science. 

The subject matter divides naturally into two parts: 1. The 
duties of the Editorial Board and of the Editors which will be 
dealt with as Editorial Policies; 2. The obligation of authors to 
the use of precise methods in research and of standardized forms 
in the presentation of results, which will be discussed as Desirable 
and Undesirable Features of Manuscripts. 


1This article has been approved by the Editorial Board and the Officers of the 
Society.—THE Epitors. 
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EDITORIAL POLICIES 


Editorial policies followed in the publication of the journal 
of a scientific society have their origin in the ideals of the 
founders of the society. The broad features of policy are out- 
lined by the charter members, among whom are usually found 
men with experience in editing scientific literature. The details 
of policy are applied by editorial boards and editors, who have 
learned through experience how best to keep the original ideals 
in sight. Thus in time is built up a rather definite body of 
policies on a basis of ideals which determine the character .of 
the journal. It is no haphazard development. It is the 
product of these ideals and experience which eventually gives 
a personality to the publication. The active editors are guided 
by the policies. Too frequently the contributors to a journal 
have but a hazy idea of the existence of definite and well 
established policies. For these reasons the present Editors of 
the ANNALS wish to make a record of editorial policies. 


Origin of Present Policies——The Entomological Society of America 
was organized ‘‘to promote the science of entomology in all its branches, 
to secure co-operation in all measures tending to that end, and to 
facilitate personal intercourse between entomlogists.”’ (The Constitution, 
Article II, Section 1.) Because the applied science was already well 
served by the Association of Economic Entomologists, the charter 
members chose to avoid competition. (See the earliest recorded state- 
ment of policies which was given at the Boston Meeting, August 22, 
1907, ANNALS, Vol. I, page 25.) Professor Herbert Osborn, speaking 
for the Executive Committee which had been entrusted with drafting 
policies and constitution, reported ‘‘it was the sense of the Executive 
Committee by the Committee on Publication that no attempt should 
be made at the publication of a journal that would occupy the field 
of any existing serial, and that it does not appear feasible to adopt 
any of the existing journals as the organ of the Society.”’ 

This first Executive Committee consisted of J. H. Comstock, 
Chairman and first President of the Society; James Fletcher, First 
Vice-President; Henry Skinner, Second Vice-President; J. Chester 
Bradley, Secretary-Treasurer, and by appointment, W. M. Wheeler, 
Herbert Osborn, J. B. Smith, F. M. Webster, C. J. S. Bethune and 
C. W. Johnson. 

In the introduction to the first issue of the ANNALS we find a further 
statement by the first Editor, Professor Osborn (Vol. I, page 1), ‘‘The 
scope of the ANNALS will be as broad as the interests of the Society 
which it represents, but it may not be out of place to emphasize the 
point that papers dealing with morphology, faunistic and biologic 
problems as well as taxonomy in its broadest sense will be especially 
welcome.”’ 
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Thus editorial policies were founded on broad grounds which would 
permit any future changes that might be desirable when the front lines 
of a rapidly advancing science shifted from period to period. By the 
advice of the Executive Committee through its Editorial Board, how- 
ever, these policies were devised to favor the pure science which would 
conflict least with the field already occupied by the well established 
Association of Economic Entomologists. 

Because the Society and its journal, the ANNALS, have had a con- 
tinuous and encouraging growth it has been found unnecessary in later 
years to alter materially the editorial policies as originally set up. 

Authority and Function of the Editorial Board.—The Editorial Board 
is selected by the Executive Committee. (Resolution 5, ANNALS, 
Vol. I, page 33.) 

The editorial policies are put into effect by the Editorial Board 
according to the Constitution, which states that “‘the publication shall 
be under the charge of an Editorial Board * * *, one of whom 
shall be the Managing Editor. The Managing Editor and his associates 
shall be responsible for the selection of material to be published.” 
(The Constitution, Article II, Section 2.) There is no record in the 
Proceedings of the Boston Meeting (August 22, 1907) of the selection 
of an Editorial Board, but on the title page of the ANNALS, Vol. I, 
1908, appear the names of the men on the first Editorial Board. These 
are J. H. Comstock, James Fletcher, C. W. Johnson, V. L. Kellogg, 
L. O. Howard, W. M. Wheeler, P. P. Calvert, J. W. Folsom and Herbert 
Osborn, Managing Editor. 

The Editorial Board has full authority over the publication of the 
ANNALS and the program and operations of the Managing Editor. The 
Editorial Board makes decisions on changes in editorial policies and is a 
court that settles questions which are beyond the authority delegated 
to the Managing Editor. To accomplish these ends the members of 
the Editorial Board are chosen to include authorities in a variety of fields. 
They are selected from both Canada and the United States. Whenever 
possible, men are chosen who have also had experience in editorial work. 

Function of the Managing Editor—By action of the early Editorial 
Boards, to the Managing Editor was delegated the duty of selecting 
the majority of the articles used in the ANNALS. Articles are at times, 
however, sent to members of the Editorial Board who retain the privilege 
of recommending their publication. Such are usually accepted without 
question, if they do not conflict with established editorial policies. 
The Managing Editor, on the other hand, has the privilege of referring 
articles in fields in which he is not competent to judge values to the 
Editorial Board as a whole or more often to some individual member 
with an established reputation in the particular field covered by the 
article. 

Function of the Assistant Managing Editor —The Assistant Managing 
Editor is selected by the Managing Editor with the approval of the 
Editorial Board and Executive Committee (ANNALS, Vol. XV, page 
103). His duties are those of assisting the Managing Editor. 
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Availability of Annals to Authors ——Until the past year articles were 
accepted wholly on length and quality. Since then because of the 
present reduced income and the great amount of excellent material 
offered, space in the ANNALS has been limited by the Managing Editor 
to members of the Society. This limitation has brought some new 
members into the Society and has prevented some resignations. It is 
hoped that this restriction will be a temporary expedient and that the 
rule can be lifted soon. However, no rule can be applied too literally. 
An unusually good article from a non-member would be accepted now, 
as quality in the ANNALS is one of the first considerations. 

The Field Covered by the Annals.—The point of view that the ANNALS 
should limit articles selected to the field of the pure science of 
entomology has been closely but not rigidly adhered to, for occasional 
borderline articles are accepted from members in the applied field. 
Articles with an economic slant have been used when they appeared to 
present generalizations which were as broadly applicable in the pure 
as in the applied science. With the development of experimental work 
in insect physiology and behavior in recent years a great number of 
semi-economic articles have been accepted, partly to encourage exact 
research of this nature, and partly to interest men of the applied science 
in the affairs of the Entomological Society of America. This interest 
has resulted in wider support which has made possible a better journal. 

Flexibility of Policies —Space in the ANNALS is for the use of mem- 
bers. Policies are interpreted as liberally as possible. In an effort to 
help younger members get started in publication, it was the policy 
of Professor Osborn to accept from younger members articles of merit 
recommended by men of authority which were of a type that might be 
questioned if received from more experienced writers. To make space 
in the ANNALS as widely available among members as possible articles 
from members that contribute at rare intervals only are perhaps less 
critically examined. To add variety short articles on other subjects 
than research are used sparingly. In such ways the Editors have 
endeavored to make the ANNALS as broadly useful as can be done 
without deviating from the general policy laid down at the time of the 
establishment of this publication. 

Permanancy of Value in Articles—Within the field of the pure 
science articles are chosen which will depreciate least in value. The 
choice of material toward this ideal means the rejection of most articles 
of known ephemeral value, such as expositions of rapidly developing 
methods, symposia, reports of preliminary or obviously incomplete 
research, superficial revisions in systematic work, cursory reviews of 
previous work, and translations of articles in foreign journals. 

Adherence to this ideal has made back sets of the ANNALS valued 
by librarians and research institutions the world over. Their sale by 
the editorial office has brought a considerable income which has been 
applied to further publication. One of the three major items in the 
present reduction in the income of the ANNALS has been the loss of 
sales of sets and back volumes as caused by the world-wide depression 
with the consequent curtailment of library funds. 
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In selecting articles which will probably have permanent value in 
the pure science the following topics are favored: descriptions of new 
species, new genera, and sound revisions of genera or families where 
types have been studied or type material has been seen and carefully 
checked by the author; morphological articles which are thorough or, 
if external morphology, preferably those in which external parts are 
checked against the accompanying musculature; articles on embryology, 
post-embryology and the internal processes of metamorphosis, which 
are very rich fields of interest to all zoologists and in which we have at 
present only a sketchy knowledge; life histories, including habits of 
unusual types such as found among parasites and social insects; eco- 
logical articles which, besides advancing the subject, portray our 
vanishing fauna as these are records that may not be obtainable later; 
articles that put any phase of entomology, except methods of artificial 
control, on a sound mathematical basis; first articles in any new phase 
of entomological work as such will rate as discoveries and will retain 
historical value even when superseded by more complete work; 
occasional historical articles by men of broad and intimate contacts 
with the development of entomology as these become permanent 
records. Articles of the preceding types in entomological literature 
written as far back as the eighties and nineties of the nineteenth century 
are still authoritative; hence they have a minimum use of at least fifty 
years. 

Emotional Phraseology and Controversial Articles—Sharp criticism 
of the work of others is not favored and articles on controversial subjects 
are avoided when authors of such become emotional and personal. 
In Europe during the past century controversial writing led to 
many bitter, life-long enmities to the great disadvantage of science. 
In later work and particularly in America there has been a definite 
trend away from controversy which is one of the factors that has helped 
develop the great amount of cooperative research on this continent. 
Emotional words, phrases, and points of view are at present very 
much in disfavor in any type of scientific writing and are usually 
changed or deleted. 

Biographies and Obituaries —Biographical articles and extended 
obituaries have a very limited use in the ANNALs. Short obituary 
notices are included in the Annual Report of the Secretary. Extended 
obituaries or biographical articles are limited to men who have been 
Honorary Fellows or Officers of the Society and are written at the 
request of the Managing Editor with the approval of the Editorial 
Board. If the deceased has been better known in the applied than 
in the pure science the publication of a biographical sketch is usually left 
to the Journal of Economic Entomology. ‘This division of effort permits 
a more complete account than if sketches appeared in both journals. 

Surveys, Historical Reviews and Translations —When they are the 
first in a field of scattered literature, reviews of previous work are 
occasionally accepted because they are useful in accelerating work 
and may have a permanent historical value. Translations of articles 
from foreign journals have never been used. 
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Applied Entomology.—Articles in this field, if they deal with control 
measures beyond a few sentences, are rejected, particularly if they 
mention artificial controls. But to add variety and to encourage our 
members who work in this field, occasional articles are accepted on the 
life history, behavior or distribution of pests. 

Bibliography.—The Editors have been offered extended bibliographies 
on limited subjects but have refused to publish such unless the author 
paid printing costs. Bibliographies are useful and should be available, 
but Editorial Boards have chosen to limit the ANNALS as far as possible 
to original research. Only one such has been used, a “ Bibliography 
of Biographies,” which was historical in interest and has been in greater 
demand than any single article published in the ANNALS in recent years. 

Novelties —For variety, occasional short articles are accepted which 
may concern entomology only incidentally. The writers recall one in 
anthropology which discussed insect designs on Indian pottery of the 
Mimbres Valley. 

Value of Illustrations —Articles with good illustrations are preferred 
to similar articles without them. In dealing with structure more can 
be shown by the use of a good illustration than can be described with 
equal accuracy in pages of text. Much of entomology is still in the 
descriptive stage of its development, hence the necessity of numerous 
illustrations. Some forms in systematic work such as the numerous 
close varieties of the higher Hymenoptera can be dealt with best by 
minute description, but most articles on structure—systematic, morpho- 
logical, embryological—are better if well illustrated. The fundamental 
difficulty lies in the fact that all biological structure is in three dimensions 
while language can deal with structure only in the linear dimension of a 
series of words. Added to this are the fine points of structure that can 
be shown in a simple sketch but which would take paragraphs to 
describe. Thus language was not made for structural description, 
while illustrations are well adapted to it. Further, illustrations change 
not at all as records while technical terms may change in a decade. 

The use of illustrations assists the ANNALS financially, as each page 
of cuts lessens the cost of typesetting by that much. Pen and ink 
drawings are preferred to photographs as drawings are more precise 
and can be fitted exactly to the text. In addition their reproduction is 
less expensive to both the author and the Society. If photographs are 
used, the author pays more for the expensive halftone and the Society 
pays for the necessary insert page of special paper. 

Length of Articles—Until the present shortage of funds, articles of 
seventy to one hundred printed pages were accepted where length was 
not a matter of diffuse writing and one such was used to an issue. 
For the past year the Managing Editor has limited articles as far as 
possible to thirty printed pages including illustrations, except for 
articles accepted before the limit was applied. Shorter articles spread 
more widely among the members the small amount of space available. 

Time of Publication —The material for any number of the ANNALS 
is delivered to the printer three months before the date of issue, which 
makes three months the minimum of time between acceptance and 
publication. Articles are published in the order of their acceptance, 
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except that descriptions of new species are set ahead, if by chance a 
manuscript is withdrawn. There is usually some rearrangement to 
insure a variety of topics in each issue. Short articles of one to four 
printed pages are usually published ahead of their turn as they are 
set in type and are used by the printer to fill out the sixteen-page 
signatures. Articles for which the full cost of printing is paid by the 
author are published in the next issue after receipt by adding such to 
the material already planned for that issue. They crowd no other 
articles out of turn. 

Book Notices —These have been used to fill in partial pages at the 
ends of articles and to fill blank pages on the final signatures of a 
number. They are given only when the author or publisher furnishes 
the Managing Editor a copy gratis and are written by the Managing 
Editor or at his request. 

Exchanges—The Entomological Society of America maintains no 
library and makes no exchanges with other societies. Subscriptions 
are furnished free only to four bibliographic services. This policy has 
obviated a heavy drain on the finances of the ANNALS. 

Reprints —The Society furnishes fifty reprints gratis to the author 
and prints ten or more of each article for its stock. The latter are for 
sale by the editorial office at one cent per page, two cents for each 
plate and, if the reprint has one, two cents for the cover. This gives 
enough reprints to circulate through the second-hand book trade and 
helps prevent the destruction of numbers for the sake of desired 
articles. Reprints beyond the first fifty can be ordered by the author 
at the time proof is returned and are sold at a price slightly above cost. 

Back Numbers and Sets—Enough extra copies are printed of each 
issue to supply back volumes and complete sets for years to come. 

Cost of Illustrations —From the beginning the cost of cuts has been 
paid by the author. There has been no lack of articles offered under 
this condition, which eliminates several hundred dollars a year from 
the ANNALS expense account. 

Proof—The author sees a galley proof but not the page proof 
except by special agreement where the text may be unusually difficult 
and liable to compositor’s errors. 

Husbanding the Annals Income.—The income from memberships is 
divided three ways: part goes into a Permanent Fund, part to pay the 
general expenses of the Society, particularly the cost of the Annual 
Meeting, while the remainder is an open account out of which the 
Treasurer pays part of the expense of publishing the ANNALS. For 
many years this was a slender income. Professor Herbert Osborn, 
the first Managing Editor, sought all other means possible to increase 
printing funds. Two hundred or more extra copies were printed of each 
issue and stored. Their cost was only for paper and press work, 
as the typesetting and composition were already paid. They form 
a stock the sale of which brings in several hundred dollars a year. 
Cuts for illustrations were paid for by the author which eliminated 
an expense of several hundred dollars annually and reduced the 
amount of space filled by expensive typesetting. Whenever possible 
institutions were requested to pay the complete costs of printing 
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of articles from members of their staffs, or, if not the full costs, part 
of the costs. Articles with numerous or complicated tables, the most 
expensive form of typesetting, were looked upon with disfavor. Even 
regular stenographic service was not used until a President of the 
Society insisted that such be done to lighten the work of the Editors. 

It has been by such care that the members of the Society have been 
able to receive annually a volume the size and quality of the ANNALS 
for the price of three dollars. The editorial work has come squarely 
out of the research time of the Editors, but they feel that it has been 
time well spent in the service of entomology. 


DESIRABLE AND UNDESIRABLE FEATURES OF MANUSCRIPTS 


This section is written with the hope that it will assist 
members who may not have had the opportunity of a thorough 
coaching in the desirable and the formal features of expository 
writing. 

Due largely to a lack of training in our secondary schools 
which is reflected to a lesser degree in our colleges and uni- 
versities, the average young scientist plunges into research 
with little realization of the injury to himself and to his science 
by hurried writing. The senior author of these suggestions 
has been one of the number. The items in this section are 
those which are most easily taken care of with a little thought 
and effort. By watching them the author makes reading and 
study less of a burden to the reader and it is for the reader that 
profitable writing is done. 


Form of Manuscript.—The manuscript must be typed and should be 
a first or ribbon copy. For ease in adding editor’s marks and corrections 
it must be double-spaced. This means what it says and includes title, 
quotations, footnotes, keys and bibliographies as well as the body of 
the text. The manuscript should be mailed flat. 

The Editors suggest that the author who has planned to submit 
an article for publication in the ANNALS examine a similar article in a 
recent issue and note the methods of handling subheads, legends, keys 
and bibliography. In the final revision of the manuscript he should 
follow the usages in the ANNALS as regards these items. His paper 
will have a better chance of being accepted, if the Editors have to do 
little work on the manuscript. It is only in such items that stand- 
ardization has been attempted. If these changes are made in the 
Annals’ office errors may be introduced. 

Conciseness.—Next to accuracy and clarity, conciseness (brevity 
plus comprehensiveness) is the most desirable feature of scientific 
exposition. It has become compulsory as research is increasing more 
rapidly than are funds for publication. The author should state the 
problem briefly in the title, then more fully in the opening paragraph. 
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With as little explanation as is necessary to make methods clear, the 
discussion must be directly on the subject as given in the title. The 
majority of articles are better, if closed with a brief summary, which is 
followed by a carefully selected bibliography of articles actually seen 
and studied by the author. Illustrations, graphs, and tables supplement 
the text and are redundant if they are minutely described. 

Title.—A good title is brief and specific. Short Anglo-Saxon words 
are preferable to polysyllabic terms, if the ideas conveyed by the 
former are as specific. A proper title is long enough to be specific 
but brief enough for easy indexing., It should contain key words 
which, in indexing, will classify the article where its contents demand. 
Many short articles are overlooked when bibliographies and indexes 
are made because the title does not give the specific contents. 

Author’s Signature.—This follows the title. As science is democratic 
all Members of the Society are on an equal footing in publication. 
Hence degrees and titles are deleted when appended to the author’s 
name. A correct address should follow the signature because other 
workers in the same field may wish to correspond with the author. 

Opening Paragraph.—When the contents of the article are obvious 
because of brevity or nature, as in descriptions of new species, an 
opening paragraph may be omitted. Ordinarily an opening paragraph 
is needed to state the extent and limits of the problem which is keyed 
to the title in being an amplification of the latter. Unless the locality 
has a direct bearing on the problem the reader is not interested in where 
the work was done beyond its statement in a phrase or two. He is not 
interested in the author’s emotions of discovery or the author’s opinion 
of the value of his work. All such statements dilute the effectiveness 
of the opening paragraph. 

Acknowledgments.—As these are not a part of the sequence of 
exposition they belong properly outside the article in a footnote which 
should be brief. 

Reviews of Previous Work.—Space in the ANNALS is now at such a 
premium that articles containing detailed reviews of previous work 
are not acceptable. The author can avoid this impasse by mentioning 
the work closest to his own or by references to reviews and bibliographies 
on the subject. 

Methods and Thoroughness—Following the introductory paragraph 
comes next a specific statement of methods and amounts of material 
used in order to help the reader estimate the thoroughness of the 
investigation. In good systematic work, particularly if the author 
has done the field work, the number of specimens taken and the extent 
and thoroughness of the collecting are indicated. In statistical studies 
the amount of repetition, its nature, the number of other checks and 
how chosen, and the probable error in calculations are called for. In 
experimental work, methods should be stated clearly but by name or 
reference only, if they are generally known in the field of the article. 
When new variants of old methods are introduced, their divergences 
are given. 

Body of Text and Subheads.—The body of the text is more easily 
used by the reader, when it is split into smaller sections by subheads. 
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These are used more freely in scientific articles than in other literature 
as they are intended for repeated use. Incidentally, they are of assist- 
ance to the author in organizing the article logically. Composition 
can be much improved if the author will write a title for each paragraph 
and see that no phrase is included in the paragraph that does not build 
up the idea conveyed in its title. Paragraph titles are of assistance in 
arranging the paragraphs in ordered sequence. After the final arrange- 
ment unnecessary titles can be deleted in the final copy. 

Space is saved by using fewer centered subheads and more paragraph 
or side heads in italics. 

Summary.—A summary is a brief and specific statement of each 
item of accomplishment but differs from an abstract by being written 
as a series of short paragraphs. It is unnecessary in systematic papers 
and in short papers on other subjects. It must not be in general terms 
which are applicable to any article of the same type. The statements 
in the summary should be specific. A large part of scientific reading 
is by abstract or by summary and vague phraseology compels the 
reader to refer to the items in the body of the article. 

References.—If{ few in number, references are better disposed of in 
footnotes. Footnotes should be in one series from No. 1 to the end of 
the article. The same rules apply here as are given under the subhead 
Bibliography concerning the elements of a complete reference. If 
there are many references they can be assembled in a bibliography 
which is discussed in the next. References to the bibliography are most 
easily given by enclosing the author’s name and date in parentheses. 

Bibliography.—A scientific article should not be padded by using 
an extended bibliography. This is a redundancy that the author has 
to eliminate as the editor is usually not familiar enough with the liter- 
ature to delete weak references. Complete bibliographies are for 
monographs and review journals. <A good bibliography for an article 
of less than fifty pages is composed of titles carefully selected for their 
direct bearing on the problem. It also contains references to works 
having extended bibliographies or thorough reviews of the problem. 
Such references should be followed by a comment indicating their 
nature. Titles of well known texts, or of articles on collateral subjects 
or such as mention the subject incidentally, do not belong. 

All books and articles listed should have been actually examined 
by the author, and the reference checked as to date, volume, pages, 
plates, and text figures. All borrowed references to works not inspected 
by the author should be honestly starred. Biological literature is full of 
incorrect references which have been borrowed and reborrowed. Starring 
such references prevents the reader from inferring that the publications 
referred to have entered into the author’s study of the subject. 

For use in the ANNALS we wish the title included in the reference. 
The style of the reference used at present is similar to that used in 
Biological Abstracts, but differs in that the year is placed between the 
name of the author and the title, and that the name of the journal is not 
in italics. References to descriptive articles on morphology, embryology, 
and systematic entomology are more useful with the number of figures 
stated as the value of these articles depends much on illustrations. 
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We do not favor a numbered bibliography. Our troubles with the 
latter appear to come from the long delay between the acceptance of an 
article and its publication. Frequently new matter will have appeared 
before the author gets proof when he is tempted to insert references 
in the proof which upset the numbered series and their text references 
with an added cost for typesetting. 

Some references of various types are as follows: 

Chamberlin, John C. 1933. Some false scorpions of the atemnid subfamily 
Miratemninae (Arachnida-Chelonethida). Ann. Ent. Soc. Amer., 26(2): 
262-269. 1 pl. 

Chamberlin, W. J. 1928, 1929. Remarks on the Buprestidae (Coleoptera) of 
the North Pacific coast region with descriptions of new species. Pan- 
Pacific Ent. 5 (2): 93-95, 1928; (3): 109-116, 5 figs., 1929. 

1932. Notes on the synonymy, hosts and distribution of some Buprestidae 

(Coleoptera). Jour. Econ. Ent. 25: 833-836. 1 fig. 

Weber, Herman. 1933. Lehrbuch der Entomologie. pp. i-xii+1-726. 555 figs. 
Gustav Fischer, Jena. 

Wheeler, W. M. 1933. Colony-founding among ants. pp. i-viii+1-179. 29 figs. 
Harvard University Press, Cambridge, Mass. 


Illustrations —A_ good illustration is exactly on the subject and 
amplifies and clarifies the text. With the present necessity for brevity, 
correctly selected illustrations can take the place of parts of the text 
in that what they show graphically need not be redescribed in words. 
A detailed description of parts already shown in a figure is a redundancy 
which gets little consideration from editors because of the many excellent 
articles painstakingly reduced to mere outlines which await publication. 

The zinc etching made from an india ink drawing is the cheapest 
and most commonly used illustration. In a way it is the best as details 
not pertinent can be omitted more easily than in washed drawings and 
photographs. Without using special paper it can be run as a text 
figure or a plate. Fair zinc etchings can be made of penciled drawings 
on egg-shell cardboard. These however lack the brilliancy of inked 
drawings. Brilliant illustrations may not be artistic, but in scientific 
articles their contrasts emphasize the ideas of the author. Some 
cautions are necessary: In an inked drawing care must be taken to 
make no erasures with rubber or even art gum as they lessen the black- 
ness of the dots and lines which reduces the brilliancy of the printed 
illustration. Corrections, if any, have to be made by scraping with a 
sharp knife, repolishing the area with bone or glass and reinking. 

Photographs reproduced as halftones are usually second in value 
to zinc etchings as the majority of photographs lack the sharpness of 
detail and black and white contrasts desirable in scientific illustrations. 
The contrasts of the photograph are further reduced by the process of 
etching which lowers both black and white to shades of gray. On 
account of reduction in contrast when photographs are used they must 
have first of all high contrasts in black and white. Photographs 
should be printed on glazed paper and sent to the editor flat and 
unmounted. They make better illustrations with no numbering or 
lettering on the photograph itself as harsh lines and lettering seldom 
match the soft tones of the photograph. If explanations cannot be 
taken care of in the accompanying legend, the photograph is usually 
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not clear enough for a good illustration. Few halftones are used in 
the ANNALS because the cuts cost the author more than do zinc etchings, 
they seldom look as well, and the Society is out the expense of several 
dollars for an insert plate of special paper for their proper reproduction. 

Colored plates have to be made with all the figures on a uniform 
background. The figures cannot be painted individually and mounted 
as in zine etchings. If they were the background would have to be 
routed out of the several cuts at a greatly increased expense and with 
some damage to hairs and other details of the figures. 

The proportions of plates should be those of the block of text on a 
page, which in the ANNALs is 634 inches by 4% inches. Text figures 
to save the author the cost of individual small cuts can be grouped 
where possible, but should not occupy more than two-thirds of the 
height of the print as space must be left for an ample legend and for 
several lines of text. 

The lettering of a figure needs to be as carefully done as the drawing, 
because poor lettering will injure the appearance of the best drawings. 
While we accept typewriter lettering, inked, we do not favor it. Other 
lettering must not be inked until the plate is finally assembled so that 
the amount of reduction can be determined. The author should 
examine published plates properly lettered and multiply the height of 
their letters by the amount of reduction he will use which will give the 
proper height of the letters on the drawings. A light Gothic, either 
NEWS GOTHIC or COPPER PLATE GOTHIC, is a simple and clear 
lettering. Several cheap lettering templates that any person can use 
successfully are on the market. Two of these are The Mormograph 
Template, Keuffel and Esser Co., New York, and the Wrico Lettering 
Guide, made by the Wood-Regan Co., Inc., New York. A thin, hard 
calling card or piece of cellophane with a slot cut in it for the exact 
height of the letters makes a good template. 

A minimum of lettering is best. It should be reduced to the least 
amount necessary to make clear the points in the text which the cut 
illustrates. Any unnecessary lettering reduces emphasis. The writers 
in lettering illustrations in their articles prefer abbreviations full enough 
to be read directly from the cut. This saves the annoyance of hunting 
the explanation of abbreviations which, however, must be included in 
the article. If lettering is sparsely used, its explanation can be given 
in the accompanying legend. 

The species name should be given below each figure in systematic 
articles where similar parts of various species are figured on the same cut. 

The numbering of illustrations is by Arabic numerals in a single 
series from No. 1 to the last, even when on plates. Never use letters 
or Roman numerals in the place of Arabic figures. 

The whole subject of illustrating is elaborately discussed, with 
numerous illustrations, in the Style Brief of the Wistar Institute Press 
(see notice, page 371), and in The Principles of Systematic Entomology, 
by G. F. Ferris, 1928, published by the Stanford University Press. 
A short discussion is given in Methods for the Study of the Internal 
Anatomy of Insects, by C. H. Kennedy, 1932, published privately. 
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Tables.—In spite of the frequently expressed desire of research men 
to study the raw data on which published work has been founded there 
is not space enough in current journals to carry much of this. There 
is not room in the ANNALS and the Society cannot afford the cost of 
hand typesetting necessary in publishing long tables of data. It is 
several times as expensive as machine typesetting. The Wistar Institute 
Press offers to file such tables of raw data on which articles in its journals 
are based and to loan or permit the study of these by others. We do 
not care to do that because of lack of equipment and time, but it is 
suggested that raw data be put up in such form that a carbon copy of 
tables can be loaned by the authors to any one who wishes to study 
them. Materials are continually loaned and traded about in systematic 
work. Why not the same helpful attitude among experimentalists and 
statisticians? 

Mathematical Articles—In these the author should be careful to 
see that the sample chosen is random and representative of the popula- 
tion (in the statistical sense) or, if the sample is selected, allowance 
must be made for the bias in selection. These are partly problems of 
adequate controls such as the repetition of bodies of data, etc., all of 
which methods should be clearly stated. A statement of the probable 
error in statistical calculations is always called for. But the final 
quality of the results obtained will depend on the author’s correct 
diagnosis of the variables involved and the choice of the method of 
analysis for the particular problem. For easy reference it is better to 
number all essential equations. 

Descriptions of New Species—A good description is distinguished 
by several characters. It is a description of a single holotype. Any 
other type material is described or discussed in a separate paragraph. 
More than one early dragonfly description covers a row of type specimens 
containing three or more species. In such a case which is the type 
species? The description should be followed by a paragraph dis- 
tinguishing it from described species most closely related to it. The 
type locality, collector and the deposition of the type and other type 
material should be given. The students of aphids insist that the host 
plant be given while the students of parasitic insects insist that the host 
animal be named. 

An illustration showing the distinguishing characters should be 
added; this is especially of value in groups where genitalic characters 
are criteria. Various systematists hope that the International Congress 
of Zoology will add a rule to the International Code of Nomenclature 
making an illustration compulsory, while the students of Hymenoptera 
wonder just how illustrations would differentiate the numerous close 
forms of ants and bees. 

Keys.—These are of two general types, phylogenetic and artificial. 
The former is the more difficult. to make workable but has value in 
distinguishing subgroups and in showing relationships while it is also 
some help as a key. The key that works best is usually one that is 
highly artificial and such should not be published until it has been 
thoroughly tried out and weak spots have been eliminated so that it 
works positively. Specimens of each species should have been run 
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down by its use in the hands of persons other than the author, preferably 
one, at least, who is unfamiliar with the group the key covers. 

In a good key of over a half page in length the following characters 
are found: The couplets are numbered in an Arabic series and not 
indented. Pairs of contrasted characters are placed, one following 
the other, so they can be compared. The key reads as easily backward 
as forward. The species name is not followed by the name of the 
author of the species unless it is not mentioned elsewhere in the article. 
The best key invented to date, which includes all these good points, 
is one proposed by E. B. Williamson and which he used in his later 
writings on Odonata. It is described in Science, page 703, June 30, 
1922. We quote his example: 


KEY TO SPECIES A-H OF THE GENUS X 


i. Tarsi spurred gave biplane Stir dsd Nak ees eek sas ee 
I’. Tarsi not spurred. 5 Lace ees 5. 
2 (1). Pree hen wena wd eae nel aees a. 
MN a shhh sib sie ie ace GN ners acy baa a cco R nace aCe een wa aR Sire alate est 3. 

Pk DIO as ReaS So Aw Rab Sakae RIL uA Chr NE OMe hist eanet wage salah eI 
ice ahe viens wae 4, 

Bre) @ > anenreeaihee. ces ene ed dR ahd ty Recta ne eee a ates eee 
b. 
4 (3). Cc. 
4’, d. 
5 (1’). e 
Wee ihe oo. aacaubuhs + Sag baie s ood MORE ROOTES 6. 
6 (5’) ih 
6’. g. 


a 


Revision of the Manuscript.—After the manuscript has been rewritten 
at least once it is ready to be read critically for possible typographical 
errors, and poor composition. Trelease and Yule, in their volume, 
Preparation of Scientific and Technical Papers, pages 23-24, state that 
it should be read ten times, each time for one of the following: 1. Con- 
sistency, 2. Sentences, 3. Clearness, 4. Repetition, 5. Connectives, 
6. Euphony, 7. Punctuation, 8. Style, 9. Accuracy, and 10. Length. 

After the author is convinced that he cannot better the manuscript 
it should always be read by at least one other person whose function is 
to pick out obscure statements. These in the writer’s mind have been 
clear because of his more intimate knowledge of the subject, but they 
are not clear to the reader with only a casual knowledge of the problem. 
Before this reading the manuscript should have been typed. Before 
this particular article on writing for the ANNALS will have been set in 
type it will have been read critically by a copy reader, by a professional 
corrector of student compositions, and by the editor of another scientific 
journal. Even then rough places will appear in the printed copy 
which have not been conspicuous in the typed copy. The writer of 
scientific articles must realize the value of such criticism and should 
seek it. Sensitiveness to criticism has to be put forcibly out of mind. 
Editors soon come to recognize articles dashed off after a day’s work 
in the office, as against the accurate and painstaking productions of 
careful workers. Probably readers also sense this distinction. 
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Style Books.—Style books are hand books on the language whose 
contents are so arranged that they are convenient aids to correct 
composition and styling of manuscript. Three style books are out- 
standing as aids to authors of articles on biological subjects and should 
be included among the books on the work-table. The Preparation of 
Scientific and Technical Papers, by Trelease and Yule, gives a thorough 
discussion of the organization of material and its presentation. The 
Style Brief, by editors of the Wistar Institute journals, contains an 
excellent discussion of illustrations and shows numerous plates of good 
and poor drawings. Suggestions to Authors of Papers Submitted for 
Publication by the United States Geological Survey, by George McLane 
Wood, contains many helpful suggestions on the correct use of words 
and phrases. The three volumes supplement each other and are given 
book notices on pages 371 and 383. 


BOOK NOTICE 


PREPARATION OF SCIENTIFIC AND TECHNICAL PAPERS, by Sam F. 
TRELEASE AND EMMA SAREPTA YULE. pp. 1-117. Cloth bound. Second 
Edition, 1927. Reprinted 1930. Published by the Williams & Wilkins 
Company, Baltimore, Md. Price, $1.50. 

This is the style book which has been most widely used for many years among 
American biologists. It originated as a pamphlet of directions to aid students 
in writing themes and theses at the College of Agriculture of the University of the 
Philippines, but later was revised and brought into conformity with the usages 
of the Waverly Press (The Williams & Wilkins Company) of Baltimore, Md. 
It is divided into twenty-six sections with numerous subsections and has a table 
of contents and an index of seven pages. The first thirty pages are devoted to 
the details of assembling data, drawing conclusions and the writing of results, 
including such items as: Plan and order of topics; Use of tenses in scientific papers; 
Revisions; Preparation of typewritten copy; Corrections and Alterations. The 
next pages concern such items as: Kinds of type; Capitals; Italics; Numbers; 
Abbreviations; Tables; Footnotes; Citations; Quotations; Acknowledgments; 
Headings and Proofreading. Several pages are devoted to a discussion of illustra- 
tions. The volume does not express any bias of the authors, but where there may 
be more than one method of expression references are given to other authorities. 
In its present form it contains also the experience of the editorial and printing 
staff of the Williams and Wilkins Company. Its excellence lies in the careful 
discussion of the organization of material and the mechanics of expository 
writing.—C. H. K. 


THE WISTAR INSTITUTE STYLE BRIEF, by the Epirortat STAFF OF THE 
INSTITUTE Press. Pages 1-164; 23 text figures and 37 single and double 
plates,someincolors. 1934. Paperbound. Published by Wistar Institute 
Press, Philadelphia, Pa. Price, $2.00. 

One of the most carefully edited groups of scientific journals is that published 
by the Wistar Institute Press. This volume was prepared to assist authors who 
submit papers to the publications of the Wistar Press. For a book of directions 
it has a rather discursive style and deals with the general principles followed in 
writing a good scientific article rather than giving many detailed instructions. 
But for the writer of articles on biological subjects it is indispensable because of 
its very thorough discussion of the preparation of tables, graphs, and illustrations. 
Pages twenty to thirty-four. are devoted to tables with eleven examples of well 
designed and poorly designed tables. Pages forty-four to one hundred sixty-four 
are devoted to illustrations including seven pages on graphs. The remainder 
of the section on illustrations is a discussion of various kinds of drawings and the 
methods of their reproduction with numerous text figures and plates showing a 
variety of illustrations submitted to their journals. Each has a detailed explana- 
tion pointing out its good or poor points. This is the best exposition of the subject 
of scientific illustration with which the writer is acquainted.—C. H. K. 





SEROLOGICAL STUDIES OF MOTH PROTEINS WITH 
SPECIAL REFERENCE TO THEIR PHYLOGENETIC 
SIGNIFICANCE 


SAXON MARTIN AND FRANK B. Corner, 


Montana State College, 
Bozeman, Montana 


The significance attached to immunological reactions for 
the determination of relationships of various bacteria has been 
presented by Heidelberger and Avery (5), Gunnison and 
Shoenholz (2), Hitchcock (6), Sugg and Neill (14), Lancefield 
(8), and others. Mez (11) and his co-workers have demon- 
strated the serological specificity of numerous plant proteins 
and have set up a phylogenetic classification of plants based 
on serological reactions of specific plant proteins. Nelson (12) 
has shown that the precipitin test may be used in a determina- 
tion of relationships existing between certain well known 
hybrid wheats. He further emphasizes the necessity of special 
care in order to avoid denaturing the specific protein prior to 
running the precipitin test for the determination of its specificity. 
Landsteiner (7) has demonstrated the presence of a highly 
specific substance in horse saliva. There has however been 
little serological work on the specificity of the proteins of the 
lower animals and no available literature as regards such work 
on insects. 

The question regarding the serological specificity of the 
proteins of certain moths was raised by Dr. A. L. Strand, 
Head of the Department of Entomology at Montana State 
College, and the work reported in this paper was initiated at 
the suggestion of Dr. Strand and of the late Dr. R. E. Wall, 
formerly of the same department. The work was started by 
the junior author during the summer of 1932, and was carried 
to completion as a graduate project by the senior author 
during the following academic year. 


MATERIALS AND METHODS 


The moths belonging to the family Phalaenidae (Noctuidae)! were 
obtained from the Department of Entomology of the Montana Agri- 
cultural Experiment Station, and were collected in the station light 


1Lepidoptera. 
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traps in various parts of Montana. The specimens used were checked 
to genus and species by the late Dr. R. E. Wall. The species used 
were Euxoa albipennis Grt., Euxoa quadridentata G. & R., Euxoa 
tristicula Morr., Feltia venerabilis arida Ckll., Feltia ducens Whk., 
Feltia vancouverensis Grt., Sidemia devastator Brace, Agrotis ypsilon 
Rott., Agrotis orthogonia Morr., Spaelotis havilae Grt., Protagrotis 
niveivenosa Grt., Smerinthus cerisyi Kirby, Vanessa cardui L., Scoto- 
gramma trifolii Rott., Eumichtis loda Stkr., Hypocoena rufastrigata 
Pack., Autographa brassicae Riley, Autographa californica Speyer., 
Heliothis obsoleta Fab., and Chorizagrotis auxiliaris Grt. 

Because of the rapidity with which desiccation takes place with 
moths collected during the summer months in Montana no additional 
desiccation was usually necessary, however, the specimens which had 
not been held long enough to become sufficiently dry for grinding, 


TABLE I 


RABBIT IMMUNIZATION 


NUMBER OF INNOCULATION AND AMOUNT 








| 
PHALAENIDAE RABBIT | oF INOCULUM 
} 1 2 | 3 0CUd| 4 | 5 6 
—_ eines ale Ca eae Ee eee ene 
Euxoa albi pennis y 4 o 53] | x en s 
-—- _ omeen . _| y 4 2 yn | “oo | — = 
is | | aa S | 
Euxoa quadridentata 26/1¢C«CdSs | & & » | B 
eee ee, pole eee 8 |} &e 3 | & 
: | 33 wy ups 
Euxoa tristicula 32 2 2° a | 3 8 a 
EE . — = | es e> eo 5a 5 | 2 
Feltia venerabilis arida a = = S| &s jit oo 
eee lad coeliac =o 0 ¢ 
- 
4 } sg 8 
Feltia ducens 5 = 3 S | ws a 2 
we a an a 
A . _ = aia — a sie i ~~ | 8 
Feltia vancouverensis 6 5 3 s:-| <2 we a 
cae — —- - | | on a | B< = | 2 
Sid 7 | i 6 eo | =o | 
Sidemia devastator 7 | 8 6 | Be ® | 
| - :° . 2a | 
| | 





*Rabbit No. 3 died after the first innoculation. 


were dried in an oven with the temperature at 37°C. or lower. Only 
the thoraces of the moths were used in the experiments because of the 
fact that the greatest development of muscles occurs in this body 
division. The legs and wings were removed to avoid the chitinous 
material of which they chiefly consist. The abdomen was removed 
to avoid the possiblity of interference of fats, oils, and intestinal con- 
tents with the reactions. The head was removed in order to avoid 
the possibility of the presence of an organ-specific substance which 
might interfere with the reaction. Since, as pointed out by Hectoen 
(4), Wells (15), and others, a degree of antigenic identity of the lens 
in many different species of vertebrates seems to be well established, 
the heads of the moths being studied by the writers were discarded 
even though no studies have been reported regarding the identity of 
material found in the eyes of insects. 

In order to remove the appendages from the thorax, each moth 
was held with the thorax between the thumb and fore-finger and rolled 





374 Annals Entomological Society of America [Vol. XXVII, 


in such a manner that the appendages were broken off. Rolling in 
front of an electric fan greatly facilitated the work. 

The thoraces were ground up as fine as possible with a mortar and 
pestle. The ground material was extracted with physiological saline 
for two days in the refrigerator at temperatures of 3° to 6° C. before 
each innoculation. The details of the rabbit immunization are given 
in Table I. 


TABLE II 


PRECIPITIN REACTIONS 






































| tw. DILUTION OF EXTRACT 
coe . aia UNpI- 
UBFAMILY | SPECIES LUTED 
1-10 1-20 | 1-40 | 1-80 1-100 | 1-160 | 1-200 | 1-500 
— | —- — —_—— | ——___ eee ce | ee | oe - — -_ _ —_ —+----}—-—- — —— | ——_—_—_ 
Agrotinae | Feltia ducens | 3 + + i+ + + +] ++++ = ahs 
(antiserum ) ie +] | +++ 4+ + — 
Heliothinae | Heliothis +++4l¢4+4+4] +44 + - | — 
| obsoleta ++tti¢¢¢+¢4+/+4+4+4]) +4 ++] — 
Agrotinae Euxoa quad- 5 as ae a a es ae + — es 
| ridentata jtttt+ +++] +++ + - 
Agrotinae | Feltia vener- | | i aD eh atel ae - 
| abilis arida | Pe ey + — 
Hadeninae Scotogramma| I+ + + +}+ a fp of is a 
trifolti tH t+ ++ + + +] > + 
Cucullinae | Eumichtis +$+tit++++ = — 
| /oda l++++t++t+ + - - 
Acronyctinae | Sidemia +++ ! so | _ 
| devastator er? > +! >> + | sa 
alot sa 
Acronyctinae Hy pocoena +e + tit + + + - ~- 
rufastrigata eT TT TTT 6+ — 
Plusiinae | Autographa +++ +| — — | — 
| “brassicae = ee eee + | - 
eae ” sevnienes 
Family | Smerinthus ae ti 
Sphingidae | cerisyi ea ee | -_ 
Family Vanessa _ on 
Nymphalidae} cardui ;— | — | _ 




















8Signs in upper part of space are readings for first hour; lower part for second hour. 


The rabbits were bled aseptically from the heart six days after 
the last innoculation. The serum was separated into sterile tubes and 
placed in the refrigerator. 

Physiological saline (.85 per cent NaCl) extracts of the 11 specimens 
listed in Table II were made by placing 100 mg. of the ground thoraces 
and 2 cc. of saline in weighed centrifuge tubes. These were kept in 
the refrigerator for 24 hours after which they were centrifuged and as 
much as possible of the supernatant liquid pipetted into labelled tubes. 
The residues were thoroughly dried and weighed to determine the loss 
in weight which was considered as the weight of the material extracted. 
The dilutions were made from these weights with corrections for the 
weight of the sodium chloride. 





2 8 
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Tubes in which the reactions were read were made from glass tubing 
having an inside diameter of 4 mm. and cut to a length of 6 cm. 
Approximately 0.15 cc. of serum was run into the bottom of a tube 
and the same amount of diluted extract run in above the serum, care 
being taken to obtain a precise line of contact between the two fluids. 

Because of the fact that the sera and extract dilutions were kept 
in the refrigerator, the reactions were read at the end of the first and 
second hours after being set up. 


TABLE III 
PRECIPITIN REACTIONS 












































DiLuTION oF Extract 
SUBFAMILY | SPECIES er EER 
1-1,000 1-5,000 | 1-10,000 
{} Antiserum 1 | Euxoa albipennis............) HeHe+ + + 
1} T+ +? ++ + 
| 2 | Euxoa quadridentata ++++ + mn 
| rT + + — 
| 3 | Euxoa tristicula + + + +> + 
+e as ++ 
Agrotinae |- iii 
4 | Feltia venerabilis arida ++++ — 
I TES + - 
i. 
5 | Feltia ducens ++++ + 
TtTtT + 
| 6 | Feltia vancouverensis + + + +> + <a 
v CHT FS T - 
Acronyctinae............| 7 | Sidemia devastator ++++ —_ _ 
TTT? ss one 
1 8 | Agrotis ypsilon ieee =, + 
| TTT + + 
e } 9 | Agrotis orthogonia ++++ + + + 
Agrotinae............ 1 cao tr i 
| = nespanils s ccnaimeaanpeneiibel 
|| 10 | Spaelotis havilae + + + + a a 
\ ++++ + - 
Acronyctinae....... 11 | Protagrotis niveivenosa >> PP ‘ain 
| CPP PE - - 








Signs in upper part of space are readings for first hour; lower part for second hour. 


EXPERIMENTAL DATA 


The results of the precipitin reactions are given in Tables II, III, 
IV, and V. In each table, the serum against which the extracts of 
the species listed were run is designated as the antiserum. 

In recording the reactions, a profuse precipitate showing con- 
siderable depth at the junction of the antiserum and the extract was 
read as a four-plus reaction (+++-+), a ring with less depth was 
read as a three-plus reaction (+++), the lighter but definite rings as 
two-plus reaction (++), and a reaction in which a definite ring was 
not formed but in which a slight precipitate was perceptable was read 
as a one-plus reaction (+). Checks were run against the various 
reagents in all series and were negative in all cases. 
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The reactions recorded in Table II are the results of reactions of 


extracts run against the serum from the rabbit immunized against the 
extract of Feltia ducens of the family Phalaenidae. The negative 
reactions of a sphinx moth, Smerinthus cerisyi of the family Sphingidae, 
and of a butterfly, Vanessa cardui of the family Nymphalidae, in 
dilutions of 1-20 or above, point to a definite serological differentitation 


between the families. 






























































TABLE IV 
PRECIPITIN REACTIONS 

A | B Cc 

Ee | DILuTION oF ia DILUTION OF i. DILUTION OF 
SPECIES EXTRACT SPECIES EXTRACT | SPECIES | EXTRACT 
ahaa ssseeusiiaignamiieiiapioendtenta! | cieeeanainain 
| 1-10,000 | 1-11,000| | 1-1,000 | 1-5,000 | 1-10,000 | 1-5,000 | 1-10,000 
1 | Euxoao — aT 1/++4+4 ++}; — Cheb ae 
albipennis _ +++4+) ++ ~ I+ + + + sa 
Anti- 2 | Euxoa |} ++ sl4++4+/ 44) — | 4404 = 
serum quadridentata j+ +++ — ++4+4/ +4 conn bide hs oh +| + 
3 | Euxoa ++ | sit t+ + ++ + si+4+44, — 
tristicula ++ +4++4) +4 ++ | l++++| — 
4 | Feltia venerabilis | _ — /|Anti-4/++++4) ++ + Ofte le 
arida — | — |serum [++++) ++ |] ++ jt++++) — 
5 | Feltia — — | Slt+++4+/ ++ | + [Anti-5 +444] — 
ducens | - - l++++) ++] + | serum |+++4+4) ++ 

6 | Feltia _ 6\++++] ++); — 6i++4+4+1 — 
vancouverensis + +++4+) +4 it+++) — 

7 | Sidemia - Ti++++| ++ 7i1++++4 
devastator _ _ ++4+4+/ ++ de he dp abe a 
8 | Agrotis = ane 8i++++) ++ _ 8|j++++) — 

ypsilon = _ PP ae a ae _ re 
9 | Agrotis a a 9it-ttt t+] +t 9J++++) — 

orthogonia ++ CP PP eS Cat ee 

10 | Spaelotis _ 10 |+++4+/++| — 10|++++| — 
havilae ais ++++) ++ — ++++| — 
11 | Protagrotis | _ 11 4 +++) ++ oo Niedb+ 2) 
niveivenosa = — Say ee _ +++ + — 




















Signs in upper part of space are readings for first hour; lower part for second hour. 


The positive reactions of Feltia ducens and Feltia venerabilis arida 
in the dilution of 1-200 while the representatives of the other families 
showed no positive reactions in the dilution, point to a serological 
difference between. the subfamilies in the family Phalaenidae. The 
extract of Euxoa quadridentata gave a one-plus reaction in the dilution 
of 1-160 which shows its close relationship to the other two genera of 
this family. The fact that Heliothis obsoleta, which is placed in the 
subfamily Heliothinae by Barnes and McDunnough (1) gave a two- 
plus reaction in 1-160, points to the fact that this species and possibly 
the subfamily Heliothinae are closely related to the species studied of 
the subfamily Agrotinae. Droudt in Seitz (13) says that although 
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in his work he has separated this small, well defined group into the 
subfamily Heliothinae, its right place is in the subfamily Agrotinae. 
H. obsoleta is placed in the subfamily Agrotinae by Hampson (3) and 
also by Barnes and McDunnough (1), but McDunnough (9) excludes 
it from Agrotinae in his revision of the Agrotid moths. 

The reactions in Table III were run against the serum of the rabbit 
immunized against the extract of E. albipennis which is placed in the 


TABLE V 


PRECIPITIN REACTIONS 








| 
























































A B 
SPECIES DILUTION OF SPECIES DILUTION OF 
EXTRACT EXTRACT 
1-5,000 1-10,000 1-5,000 | 1-10,000) 1-11,000 
1 | Euxoa albipennis —_ -- 1) ++ + om 
++ _ > - -_ 
2 | Euxoa quadridentata — 2) ++ + one 
a -~ tT + - 
= . aiatiidiannieciea |. 
3 | Euxoa tristicula + + 3) ++ + + - 
+ + Tr Th 1+ ++ + 
4 | Feltia venerabilis arida ;— “= 4} ++ ++ au 
+ - | er oy — 
5 | Feltia ducens — ma | 5} ++ ++ a 
| } ++] ++ — 
ee eee = — 
Antiserum 6 | Feltia vancouverensis ++ | + 6|/ ++ ++ _ 
+e | E+ Pe bee ~ 
7 | Sidemia devastator | + — | Antisrum 7/+++ |] ++ a 
; 7 ere oe - 
8 | Agrotis ypsilon | + Pi |] s| ++ | ++ aa 
ee ee | + + ++ — 
9 | Agrotis orthogonia | ++ ++ o| ++ ss Ae 
i ++ ee eed ee 
10 | Spaelotis havilae — — 10); ++ Sad oF 
.. ee or See - 
11 | Protagrotis niveivenosa «32| — | — 1 | ++ eae ae 
= - or) = - 
| 




















Signs in upper part of space are readings for first hour; lower part for second hour. 


subfamily Agrotinae by Barnes and McDunnough (1). The extract 
of E. albipennis gave a two-plus reaction against its antiserum in the 
dilution of 1-5000. The other species studied which have been placed 
in the subfamily Agrotinae by Barnes and McDunnough (1) include 
Euxoa quadridentata, Euxoa tristicula, Feltia venerabilis arida, Feltia 
ducens, Feltia vancouverensis, Agrotis ypsilon, Agrotis orthogonia, and 
Spaelotis havilae. Extracts of all of these gave reactions with the 
antiserum of E. albipennis in this dilution. However, these eight 
species reacted in greater dilutions than S. devastator and Protagrotis 
niveivenosa which are placed in the subfamily Acronyctinae. Barnes 
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and McDunnough (1) place P. niveivenosa in the subfamily Acronyctinae 

which placing according to Seitz (13) is confirmed by Droudt, and : 

this species did not show reaction with the antiserum of E. albipennis 

in dilutions greater than 1-1000. This lack of reaction would indicate 

that the change from the subfamily Agrotinae to the subfamily Acro- 

nyctinae is a correct one. , 
McDunnough (10) says that the genus Protagrotis on the basis of 

the morphology of the genitalia falls near Sidemia. Its reaction was 

similar to that of S. devastator against the same serum, but against 


TABLE VI 
TITRATION OF SERA 



































1-1,000 | 1-5,000 | 1-10,000 | Saline 
Autographa californicae 1 i++ + 7 +. ++ + 
Euxoa albipennis 2 ott ttit¢ttt+it+4+4+4 - : 
PRECIPITIN REACTIONS 
] ] l ocr ‘ 
SUBFAMILY |} 1- "5,000 1-10,000 | 1-20,000| 140,000) | 1-10,000 | 1-15,000 | 1-20,000| 1-40,000 
—_|—_—_——_ — s |————|-——— wah sanaeapiielniindl : 3 
Plusiinae | A. cali- i+ + + + + + + | = 1 on - - | — 
iz fornica 1 + Wr — 7 a ++) — - | - 
Agrotinae | E. . albi- ae ae et Oe + + — |Anti-2 |++++]/ +++ ++ 
pennis 2 a a ae ee — oan Por tee PF TS , 
tin ements issehaiaesnsaen laniatinieeiasae ————-|— | —| sociales 
Agrotinae lc. auxiliaris| Pe a —_ 3 | + - ; = 
3 | +++ —_ + | — | ;o— 
Acronyc- Sidemia |++++ ~ — 4 | | | | 
tinae devastator 4 | _ ~ | = | ' 
Agrotinae | Euxoa ++++, — | — 5 ; — _ 
tristicula 5 | _ _ + | —_ - 
| 

















Signs in upper part of space are readings for first hour; lower part for second hour. 


the serum of S. devastator (Table V, B), P. niveivenosa did not react 
above 1-5000. This raises the question as to whether it is so closely 
related to S. devastator, as is indicated by the morphology of the 
genitalia. 

The extract of Agrotis orthogonia was positive in the highest dilu- 
tions against the antisera of F. venerabilis arida, Table IV, B, F. ducens, 
Table IV, C, and S. devastator, Table V, B. It gives a positive reaction 
with the antiserum of E. albipennis, Table III. The extract of E. 
tristicula gave positive reactions in the highest dilutions against the 
antisera of E. albipennis, Table III, F. venerabilis arida, Table IV, 
B, E. quadridentata, Table IV, A, F. vancouverensis, Table V, A, and 
S. devastator, Table V, B. The inconsistency of the results from these 
two extracts was at first thought possibly to be due to inaccurate 
weighing or diluting of the extracts or to differences in hydrogen ion 
concentration. However, these points were checked, and the same 
reactions reoccurred. 
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Table VI gives the results of reactions of extracts run against sera 
obtained from rabbits immunized against extracts of A. californica, 
and E. albipennis. 

E. albipennis, which is placed in the subfamily Agrotinae, gave a 
four-plus reaction in the highest dilution against the antiserum of 
A. californica which according to Barnes and McDunnough (1) is 
placed in the subfamily Plusiinae. This extract also was the only one 
reacting against its own antiserum in the dilution of 1—20,000. 


TABLE VII 


HYDROGEN ION DETERMINATIONS ON EXTRACTS (POTENTIOMETRIC) 


EXTRACTS | MILLIVOLTS PH 
Autogrephe celifornice 1 | cn ae og 7 eS” 
Euxoa albi pennis — 2! 6 | 49 
Chorisagrotis ousilicris 3) £9587 «| 49 
Sidemia devastelor a 4 a, ee “4 94 <e 
Euxoa tristicula = 5 7 56 5 ew 4.93 - 





Note: The extracts were allowed to reach room temperature 
before these readings were made. 


EXTRACTS MILLIVOLTS | PH 
y ulogra pha californica 7 1 i 53 ; ‘ Ps a 88 _ 
Busoe albi pennis 2 weir 56 . ooo 4.93 i. 
Chorisagrotis exsilieris 3 — 57 a | “ 4 94 i 
Sidemia devastator — | o | eo 
Euxoa tristicula. 5; osttidL( (iti ke! 


Note: These readings were taken after the extracts had 
remained at room temperature for two hours. 


EXPERIMENT WITH ALCOHOLIC INSOLUBLE PORTION 
OF EXTRACT 

Since it has been shown by Heidelberger and Avery (5), Land- 
steiner (7), and others that a soluble highly specific substance may be 
separated from certain immunologically active materials the writers 
conducted a series of experiments in order to ascertain whether similar 
specific substances might be found in the moth proteins being studied. 

In these experiments in which attempts were made to obtain the 
reacting substance in a more concentrated form, 10 grams of crushed 
thoraces of F. ducens were extracted for two days with 1 liter of distilled 
water. At the end of the first day the soaked material was reground 
to break up as many of the cells as possible. At the end of the second 
day the suspension was centrifuged and 24 volumes of 95 percent 
ethyl alcohol added to the supernatant liquid. This mixture was 
allowed to stand in the refrigerator for two days after which the 
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precipitate was recovered by centrifugation. The precipitate was 
dried in a vacuum desiccator over sulphuric acid and dilutions made 
by weighing out a known amount of the dried material. 

This material was dissolved in physiological saline and precipitin 
tests were run against its homologous antiserum which gave definite 
reactions in dilutions as high as 1—5,000,000. 

In an attempt to show the presence of glucose in this alcoholic 
precipitated material, 15 grams of ground thoraces of micellaneous 
Phalaenids were extracted with 1 liter of physiological saline solution 
for 36 hours at temperature of 3° to 6°C. The suspension was centri- 
fuged, 2% liters of 95 percent ethyl alcohol added, and the mixture 
placed in the refrigerator (3° to 6°C.) for 24 hours after which the 
precipitate was recovered by centrifuging. The total yield after drying 
was 0.450 grams. Three hundred and fifty milligrams of the dried, 
ground material was hydrolyzed with 35 cc. of 3 percent H:S0, for 


TABLE VIII 


PRECIPITIN REACTIONS 




















1-1,000 1-5,000 | 1-10,000 1-20,000 1-40,000 | 1-80,000 
sini | |] | 
ANTISERUM | | 
A californica OS a le ae oe ae le rT + | ++ _ | - 
PPPS TI PEST Pe eS] +++ + 
E. albipennis 2)++++ + + + + + _ 
Peer Seer) ee I 
iain es —_ - a 
Ch. auxiliaris 3) t++4+4+ +++ | ide aa a 
TTT? 1 +74 + | er + 
S. devastator C1ttet) tt | + +++ - _ - 
ttt i t¢trtrrT ee 2 — 





Signs in upper part of space are readings for first hour; lower part for second hour. 


24 hours at 100°C. The proteins were then precipitated with sodium 
tungstate. The resulting clear liquid was placed in a polarscope and 
was found to cause no refraction of light. Twenty-one and nine-tenths 
cubic centimeters of the material caused no reduction when run against 
3 cc. of a quantitative Benedict’s solution of which 25 cc. was reduced 
by 44.15 mgm. of glucose when standardized. 

In a second experiment crushed thoraces of A. californica were 
treated as above and reactions run with dilutions of the material against 
the sera of E. albipennis, C. auxiliaris, and S. devastator. The reactions 
are given in Table VIII. 

The definite reaction in the alcoholic precipitated extract of A. 
californica in the dilution of 1-40,000 and its slight reaction in the 
dilution of 1-80,000 against its own serum, while it did not react in 
these dilutions against the other sera, shows that a higher degree of 
differentation may be obtained with the alcoholic precipitated extract 
than with the saline extract. A. californica is placed in the subfamily 
Plusiinae which is the fifth subfamily following the subfamily Acro- 
nyctinae by Barnes and McDunnough (1). £. albipennis, C. auviliaris, 
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and E, tristicula are placed in the subfamily Agrotinae and S. devastator 
in the subfamily Acronyctinae. 

In view of the work of Zozaya and Wood (16), in which they found 
that the carbohydrate precipitable substanoe reacted best after several 
months in the immunization of animals, two rabbits were immunized 
by repeated series of inoculations over a period of three months. The 
specimens used were Chorizogrotis auxiliaris, which is placed in the 
subfamily Agrotinae by Barnes and McDunnough (1), and Sidemia 
devastator which they place in the subfamily Acronyctinae. Three 
ce. of physiological extract from 300 mg. of crushed thoraces was 
injected every five days until 14 injections were made. 


TABLE IX 
PRECIPITIN REACTIONS 


Alcohol insoluble extract against serum from rabbits immunized by 
repeated series of injections over a period of three months. 








1-1,000 | 1-5,000 1-10,000 | 1-20,000 | 1-40,000 


| 
|. 

A 
| 





Ch. auxiliaris | 
antiserum SESE EEE PEST ee | - 
| Perr! ee | 








S. devastator 2) +++] +4+4++ ole wh | a 
| +++ 
inn i | | | 
B 
Sere ee ~_ _ 

+++ | - 
Antiserum 2 | wha che chef che he oh ae | os he ahs oh a 

| +++4+ + — 











Signs in upper part of space are readings for first hour; lower part for second hour. 


Reactions were run against the sera using alcoholic insoluble material 
obtained using the method previously described (page 379). The 
reactions are given in Table IX, A, and IX, B. 


GENERAL DISCUSSION 

The remarkable development of the chemistry of specific 
immune bodies, and the application of immunological reactions 
in the determination of relationships between species of various 
organisms has brought to the hand of the systematist a new 
and exact method of determining phylogenetic relationships 
which should serve as a very useful means of checking and 
supplementing morphological and other studies in the classi- 
fication of various biological groups. 
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The taxonomy of the moths and their relationships are 
worked out by various authors using different morphological 
characters, with the result that names of species have been 
changed. Species have been transferred from one genus to 
another, and genera have been changed from one subfamily 
to another. The serological reactions can, without doubt, be 
used in deciding the correctness of these changes. 

The extent of variation of the precipitin reactions necessary 
to show definite differences between specimens or close relation- 
ships between them could best be determined after running a 
large number of reactions. However, the two-plus reaction 
of H. obsoleta (Table II) in the dilution of 1-160 against the 
serum of the rabbit immunized against the extract of F. ducens 
shows its close relationship to the subfamily Argotinae. This 
very definitely supports the well established morphological 
classification of these species. The reactions of all of the 
species placed in the subfamily Agrotinae in the dilution of 
1-5,000 (Table III) to the exclusion of the reactions of the 
two species placed in the subfamily Acronyctinae in this dilution 
show that the reading of a one-plus reaction is possible and is 
definitely contrasted with a negative reaction. The four-plus 
reaction of E. quadridentata in the dilution of 1—-10,000 against 
the homologous serum is an excellent reading against the two- 
plus and one-plus reactions of the other species which reacted 
in this dilution (Table IV). 

SUMMARY AND CONCLUSIONS 

1. Serological studies (precipitin reaction) were made of 
14 genera and 20 species of moths placed in 6 subfamilies of 
the family Phalaenidae. Reactions were also run using speci- 
mens from the families Sphingidae and Nymphalidae. 

2. An alcoholic insoluble substance was isolated which 
reacts with its homologous antiserum in dilutions up to 1—80,000, 
and 1—5,000,000. 

3. The alcoholic insoluble substance which was obtained 
was not hydrolyzable to reducing sugars as shown by its failure 
to affect polarized light or to reduce quantitative Benedict’s 
solution after treatment with sulphuric acid at 100°C. for 
24 hours. 

4. Explanations of the reactions are presented along with 
the placement of the various species according to a number 
of authorities. 
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5. It is evident from the reactions of certain proteins from 
the above mentioned species that the precipitin reaction is 
useful in determining phylogenetic relationships between genera 
and subfamilies of the family Phalaenidae. 
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SUGGESTIONS TO AUTHORS OF PAPERS SUBMITTED FOR PUBLICA- 
TION BY THE UNITED STATES GEOLOGICAL SURVEY, by GEorGE 
McLANE Woop. Third Edition, pages 1-120, 1916. Paper bound. Pub- 
lished by the Government Printing Office. For sale by the Superintendent 
of Documents, Washington. Price, 15 cents (Postal Money Order or cash). 

This is one of the most widely used government style books. Mr. Wood was 

a stylist and one of the ablest of the editors in Washington who were responsible 

for quality in the scientific publications of federal bureaus. Up to his death a 

few years ago he had planned a more extensive style book but died before this was 

accomplished. The first fifty pages of the volume are devoted to routine 
geological publications. The last sixty pages, under the general title ‘‘Sug- 
gestions as to Expression,’ contain a discussion of proper and improper usages of 
words and phrases. It is not the type of matter usually found in a government 
style book, but is of the kind found in the style books used in university classes in 

English composition. This book has been published in large editions because of 

the high quality of the second part which was the phase of editorial work which 

interested Editor Wood. It supplements the other style books given notices in 

this issue of the ANNALS.—C. H. K. 





THREE NEW NORTH AMERICAN ANTS 


M. R. SmirtH, 
Agent, U. S. Department of Agriculture, 
Bureau of Entomology, State College, Mississippi 


Two of the ants described below were collected by scouts 
of the United States Department of Agriculture, Bureau of 
Entomology, while making a survey to obtain information on 
the distribution of the Argentine ant. The other species, an 
interesting form of Lasius, was sent to me for identification 
by Professors Claude Wakeland and W. E. Shull of the Ento- 
mology Department of the University of Idaho. 


Lasius (Cthonolasius) pilosus sp. nov. 


W orker.—Length, 3.3-3.7 mm. 

Head, excluding the mandibles, very slightly longer than broad, 
with faintly convex sides, and straight or faintly emarginate posterior 
border. Eyes moderate in size, oval, placed on the side of the head 
at a distance from the base of the mandibles equivalent to about three 
times their greatest diameter. Antennal scapes noticeably surpassing 
the posterior corner of the head. Maxillary palpi 6-segmented, the 
last three segments successively diminishing in length. Base of epino- 
tum shorter than the declivity, which it meets in a well rounded angle. 
Petiole seen from the side low, inclined forward, convex in front, 
flattened behind; viewed from behind, with rounded superior border, 
which not only lacks the usual central emargination but also appears to be 
highest here; the superior border not noticeably flattened antero-poste- 
riorly to form a thin margin as with some of the closely related species. 

Pubescence fine, appressed, abundant over all parts of the body, 
but apparently less conspicuous on the thorax. Pilosity rather long, 
erect, covering all parts of the body, even the eyes and appendages, 
and on the margin of the petiole forming a rather distinct fringe. 

Color slightly variable, ranging from a light brownish yellow to a 
brownish yellow. 

Type locality: Moscow, Idaho. 

Described from four workers collected by Professor W. E. 
Shull on Moscow Mountain, April 17, 1929. Professor Shull 
is of the opinion that he collected the workers at an altitude 
of 3,500 feet from a much decayed fir stump on the southern 
slope of this mountain. Cotypes are in the collections of the 
United States National Museum, the Department of Ento- 
mology, University of Idaho, and my collection. 

Dr. W. M. Wheeler, who has studied several of the workers, 
agrees with me that the ants belong to the subgenus Cthono- 
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lasius and represent either the workers of his Lasius vestitus 
(originally described from a single female specimen taken at 
Moscow, Idaho, by Dr. J. M. Aldrich) or that of a distinctly 
new species. 

The workers differ from those of Lasius umbratus mixtus 
var. aphidicola Walsh in the following particulars: (1) Their 
smaller size, (2) the longer and more erect hairs on the gaster, 
(3) the presence of erect hairs on their appendages and petiole, 
and (4) the shorter, blunter, and more rounded petiole. 

From the workers of Lasius umbratus subsp. minutus 
Emery, to which they bear perhaps the most striking super- 
ficial resemblance, the workers can be distinguished by the 
following characters: (1) The presence of erect hairs on their 
legs and scapes, (2) lighter color, and (3) shorter, thicker, 
and more rounded petiole. 

Wheeler’s description of the female of Lasius vestitus is 
very suggestive of the workers of this new species, especially 
his reference to the occurrence of abundant erect hairs over 
all parts of the body, and to a distinct fringe of hairs on the 
petiole. In addition, the petiole is similarly low, rounded, 
and blunt. Whether or not the species here described is 
vestitus will be settled when both workers and queens are 
taken together. 


Pheidole sciophila semilaevicephala var. nov. 


Soldier —Length, 2.5-3 mm. 

Head, excluding mandibles, a little longer than broad; with broadly 
and angularly excised posterior border, and rounded occipital lobes; 
occipital furrow narrow, extending as far forward as the posterior 
margin of the antennal scapes. Clypeus with a median carina, as 
well as a notch in the center of its anterior border. Frontal area 
triangular, impressed. Antennal scapes curved and flattened at the 
base, slightly enlarged distally. Thorax, viewed from above, with 
prominent angular humeri. Pro-mesonotal suture fairly distinct; 
meso-epinotal constriction well pronounced. Thorax in lateral profile 
with a distinct transverse impression on the mesonotum. Epinotum 
with subequal base and declivity. Spines prominent but not strikingly 
acute. Superior border of petiole marginate. Postpetiole very strik- 
ingly broader than long, with somewhat rounded angular sides. Gaster 
smaller than the head. 

Mandibles shining, coarsely punctate. Clypeus, frontal area, almost 
the entire posterior half of the head, and gaster, smooth and shining. 
Anterior half of head rugulose-punctate. Thorax, petiole, and post- 
petiole opaque, densely punctate. 

Hairs slightly yellowish; of varying length, but long; rather sparsely 
scattered over all parts of the body, even on the gula of the head. 
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Very dark brown; mandibles, anterior third of head, funiculi, and 
legs lighter; gaster black. 


Type locality: Yuma, Arizona. 

This description is based on six soldiers collected by Mr. 
L. C. Murphree at Yuma, Arizona, November 26, 1932, from 
a nest in the soil beneath a railroad shed. Cotypes are in 
my collection and in the collection of the United States 
National Museum. 

The soldiers differ from those of sciophila in the following 
characters: (1) The rather smooth and shining posterior portion 
of the head, (2) the more rounded occipital lobes, (3) the 
presence of a median carina on the clypeus, and (4) the some- 
what darker color. 


Aphaenogaster texana macrospina subsp. nov. 


W orker.—Length, 4.3-4.6 mm. 

Head, excluding mandibles, much longer than broad; sides faintly 
convex, appearing almost subparallel in the region of the eyes; behind 
the eyes gradually narrowing to form a broadly rounded posterior 
border, the extreme base of which bears a slightly elevated flange. 
Eyes large and prominent, strongly convex, situated more than their 
greatest diameter from the base of the mandibles. 

Thorax of the usual configuration. Viewed in lateral profile the 
posterior half of the mesonotum appears strongly flattened or con- 
stricted, thus forming a prominent depression, which is especially 
acute in the region of the deep meso-epinotal constriction. Epinotum 
with the base longer than the declivity, bearing at the junction of 
the surfaces a pair of abnormally large, tapering spines, which are 
directed upward at an angle of approximately 45 degrees; the spines 
are easily as long as the declivity of the epinotum, but not quite so 
long as its basal length. Legs long and slender. Anterior surface 
of the petiole concave, viewed posteriorly the superior surface of the 
petiole faintly emarginate; postpetiole apparently as high as long, 
forming a broadly rounded, obtuse angle. 

Frontal area, extreme posterior portion of the head, pronotum, 
pleura of the prothorax, legs, infraspinal area, petiole, postpetiole, and 
gaster, all rather smooth and shining. Thorax faintly reticulate- 
punctate, with weak transverse rugulae on the base of the epinotum. 

Hairs yellowish, fairly long and coarse, scattered rather sparsely 
over all parts of the body. Pubescence short; closely appressed, 
most easily discernible on the antennae, legs, and gaster. 

Ferruginous brown; antennae and legs lighter, gaster darker. 


Type locality: The Navy Yard, Charleston, South Carolina. 
The description here given is based on four cotype specimens, 
all workers, which were collected by Mr. D. E. Read on the 
surface of the ground in the Navy Yard, at Charleston, South 
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Carolina. Three of the cotype specimens have been deposited 
in the United States National Museum, the other is in my 
personal collection. 





Fic. 1. Lateral view of worker of Aphaenogaster texana macrospina subsp. nov. 
Fic. 2. Frontal view of worker’s head. 
(All greatly enlarged. Illustrations by Mrs. Eleanor A. Carlin, of the U. S. Bureau of Entomology) 


That this subspecies is related to A phaenogaster texana and 
its various forms is clearly indicated by the following characters 
of the worker: (1) The shape of the head, (2) the length and 
form of the antennae, (3) the prominence of the eyes, (4) the 
general contour of the thorax, and other similarities. The 
new subspecies shows its distinctness from texana and its forms 
in the peculiar sculpturing of the body, but more especially 
in the shape and size of its epinotal spines. 








AN ECOLOGICAL STUDY OF THE ANTS OF THE 
SOUTHERN DESERT SHRUB REGION OF 
THE UNITED STATES! 


ARTHUR C. COoLe, JR., 
Box 815, E. Lansing, Michigan 


The study of desert ants in the United States, represents 
collection of material during two years by the writer in the 
principal desert states (Nevada, Arizona, California, and New 
Mexico). Not only were specimens collected but also detailed 
notes were made, covering such important points as the habits 
and habitats of the species. When sufficient time was access- 
ible a study of the floral environment was undertaken in so 
far as the ants of the particular biota were concerned. So sure 
was and is the writer that certain species of ants occupy type 
habitats, guided by a set of rather prominent limiting factors, 
that he was particularly interested in determining them. 
Because a great deal more study is necessary before such a 
distinct classification can be made the writer has, in the present 
paper, only touched upon these type habitats. 

To date no publication has appeared covering the desert 
ants of the United States asa group. The writer has attempted 
to fill this gap to a rather limited extent not only by listing 
the various species but also associating them with their habitats. 
This paper is intended to present the fundamental factors 
governing the existence of desert ants, and to relate the species 
as closely as possible to various habitats into which they 
migrate and in which they live and die. 

The author appreciates the difficulties involved in attempt- 
ing to discuss so vast a subject as the ants of a section of the 
United States. Furthermore, he realizes that such a study is 
always in a preliminary stage, in so far as the inability to 
thoroughly complete it is concerned. The writer wishes to 
present only the results of his own research on the group without 
attempting to offer more than a synoptic treatment of the 
species. To all those who have aided in making this study 
possible I am gratefully indebted. 


1Part of a dissertation submitted as partial fulfillment of the degree of Doctor 
of Philosophy at Ohio State University, March, 1933. 
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PHYSICAL FACTORS AFFECTING SOUTHERN DESERT 
SHRUB ANTS 


Mound Temperatures—The temperature within an ant mound is 
of vital importance for the incubation and survival of the young and 
the necessary activity of the adults (1). The brood is raised and 
lowered within the mound with decided fluctuations of temperature. 
At night the brood of the majority of desert species is placed close 
to the surface of the mound, while during warmer periods it is carried 
to the lower recesses, where the temperature is decidedly lower. In 
other words, the movement of brood by the worker ants appears to be 
almost entirely a direct response to temperature fluctuations. 

The writer has shown (11) that ant mounds tend to absorb more 
heat than do like areas of bare ground because of the greater intensity 
of the sun’s rays on the mound faces. Thus the east-facing slope 
receives the morning sun and the west-facing one that of the afternoon. 
Temperatures as high as 180° F. are not uncommon on the faces of the 
mounds of true desert ants during the warmest part of the summer 
day. From the top of the nest downward, the writer has noted a 
gradual decrease in temperature to the base of the last chamber, 
fluctuating greatly, of course, daily and seasonally. 

Temperature as Affecting Activities of the Ants—During the hottest 
part of the summer day, usually from about eleven A. M. until 2 P. M., 
the activities of most species of desert ants are temporarily suspended 
and the insects undergo a short period of aestivation. During this 
time it is quite uncommon to see ants on or around their nests, and 
the formicaries appear to be uninhabited. If one digs into a nest, 
however, he finds that at a considerable depth below the surface (several 
inches to one or two feet or more) the ants are massed together in 
chambers and are in an almost inactive condition. The exposed 
ants usually do not attempt to pursue the intruder or even to venture 
forth from their nest, but instead, often dig deeper into the ground. 
Ants in this condition which were placed on the ground surface near 
the nest by the writer, did not appear to suffer from the intense heat 
as much as would be expected. They merely scurried to their nest 
as fast as they were able to travel. 

The activities of desert ants, aside from those within the nest, 
are usually confined to the early morning and late evening hours. 
Many species may be commonly observed obtaining food at daylight 
and after dusk. Dorymyrmex pyramicus bicolor Whir. was the only 
ant observed which did not show a definite mid-day period of 
aestivation, although a definite decline in activity was noticeable. 

Temperature as Affecting Seasonal Successions of Ants.—Seasonal 
successions of desert ants are not of uncommon occurrence. Temper- 
ature, in combinations with moisture and other factors to a limited 
extent, seems to be the chief factor which causes and controls these 
successions. Many species of desert ants which are established in 
one area during a certain season may be forced to migrate to another 
or other areas when the temperature and moisture conditions reach a 
certain level. For example, during the spring of the year, many ants 
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migrate from the south-facing slopes to the desert plains; during the 
summer, from the desert plains to the north-facing slopes; during 
autumn, from the north-facing slopes to the desert plains, and at the 
approach of winter, from the plains to the south-facing slopes. Often, 
however, there are only two migrations—one from the slopes to the 
desert plains during cooler weather and another from the plains to the 
slopes with the approach of warmer weather. 

Wind as a Factor in Destroying Ant Mounds.—Many nests of desert 
ants are destroyed partially or completely by the wind. The con- 
tinuous westerly winds in southern Arizona keep many ant mounds 
in an unfinished condition, and sometimes ‘‘hollow out’? the mounds. 
This also has been shown to be the case with many mounds of the 
Occident Ant (Pogonomyrmex occidentalis Cresson) in southern Idaho 
(8). Sand and debris carried by the wind exert all the more force 
upon mounds unprotected by natural barriers, such as rocks and 
vegetation. 

Wind as a Stripper and Destroyer of Vegetation Wind indirectly 
affects desert ants by stripping the leaves and fruits from plants, or 
by completely denuding an area of its natural vegetation. The ants 
in such an area suffer in two ways: (1) because there is, in many cases, 
a limitation of the food supply; and (2) because the denuded area leaves 
the ant nests open to destruction by the sweep of wind over the bare 
area, unless, of course, some more stable barrier is present. Under 
conditions of wind pressure and scanty food supply, many colonies 
migrate to more suitable surroundings. It is an extremely uncommon 
sight to see ant nests in a totally bare area in the desert region. 

Wind as a Factor in Directing the Establishment of New Colonies.— 
Strong westerly and northwesterly desert winds tend to partially 
limit the direction and concentration of new ant colonies. From the 
center of established concentration of a single species the mated females 
are transported in easterly and southeasterly directions. The establish- 
ment of new colonies is apparently directly proportional to the distance 
from the center; that is, the most new colonies are established close to, 
and in easterly or southeasterly directions from the original center 
of concentration. 

Wind as a Transporter of Food.—While wind of a strong and con- 
tinuous nature is usually a detriment to the existence of the desert- 
inhabiting ant, it is, however, of some immediate benefit. Insects 
upon which the ants feed, as well as various seeds, are carried and 
scattered widely. If one pauses beside a colony while a brisk wind is 
blowing he witnesses on all side an ever-changing array of seeds, insects, 
and spiders. The writer has observed many species of ants gathering 
food during such a time. Even the harvesting ants are without usual 
labor of cutting seeds from their bracts and transporting them great 
distances to their nests. 

Wind as a Desiccator of Soil—Wind indirectly affects desert ants 
by aiding in the desiccation of the soil through excessive evaporation. 
Rarely is this process advantageous to the ants, except after torrential 
rains which leave the ground in a more or less saturated condition. 
During most of the time the ants are forced to carry water with which 
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to moisten the nest chambers and protect the delicate brood from 
desiccation. Ants have been known to travel long distances for water, 
but most species obtain moisture from dew, and as the writer is inclined 
to believe, from food through their own metabolic processes. 

Precipitation.—Although desert ants are accustomed to prolonged 
periods of drought, they are not, however, greatly affected by periodical 
showers. Even nests of Alta versicolor Pergande, which are usually 
in sandy washes of the desert region, are but partially destroyed by the 
torrential rivers which swirl through the “draws.’”’ When the water 
subsides, the ants reconstruct their mounds and the number of workers 
which appear for this function would seem to indicate that the colonies 
suffer no great mortality. 

During periods of excessive rainfall or flooding desert ants retreat 
to their lower nest chambers and thus avoid possible destruction. 
The brood is lowered by the workers, and, in the case of harvesting 
species, seed is retrieved from damage by the water. 

The writer does not wish to indicate by the foregoing paragraphs, 
however, that all ants escape destruction during torrential downpours. 
Such is certainly not the case. Workers leaving or returning to their 
formicaries are very often carried away in the swirl of water and many 
of them eventually drown. Those which do not drown usually die 
for they are social insects and cannot live for long periods without 
access to their colonies. 

Evaporation—Evaporation either directly or indirectly affects 
desert ants by limiting the available soil moisture and by almost 
completely desiccating the surface layer. As has been already pointed 
out, a certain amount of moisture is necessary for normal maturation 
of the brood and if this is not present in the soil constituting or surround- 
ing the nests, the ants are forced to search elsewhere for it. On the 
other hand, evaporation is directly beneficial when it dries out the 
excessive moisture which would otherwise be in too large amounts for 
the ants to utilize. 

Light——Light affects desert ants by determining, in conjunction 
with temperature, the length of their daily periods of activity. On 
cloudy days, in spite of the slight reduction in average temperatures, 
many desert ants work continuously from daylight to dusk or after, 
while on bright days, as has been explained elsewhere, they undergo 
short periods of aestivation. The writer has repeatedly observed 
Mymecocystus hortideorum McCook terminate its active food-gathering 
period at the onset of darkness although the atmospheric temperature 
rernained almost as high as that of the light period just preceding. 

Inasmuch as most species of ants lead a partially subterranean 
existence, light in any quantity is barred from the nest galleries and 
chambers. In spite of this some ants are more susceptible to light 
intensities than are others. For this reason we may classify desert 
ants into: (1) The sun-loving species; (2) the shade-loving species; 
and (3) the intermediate types, or those which are accustomed to live 
in either shady or sunny habitats. The sun-loving species are usually 
found in unshaded areas where light-protecting rocks and vegetation 
do not abound, while the shade-loving ones colonize shady places. 
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Cold Air Drainage as Affecting Desert Ants—Cold air draining 
down a mountain gulch or ravine from snow fields above plays a 
decided and important part in limiting and directing the populations 
of desert ants on the plains below. It has been suggested to the writer 
by Dr. E. N. Transeau of Ohio State University that such a phenomenon 
may occur among ants in much the same manner as has been proved 
in the case of desert vegetation (22). The resulting limitation of the 
plants into two decided zones—that which supports the influx of cold 
air and that which is typical of the desert plains proper, has been 
explained by the process of cold air drainage alone. The writer is very 
much inclined to believe that the soil type at the base of the gulch 
has as much or more to do with the resulting organization of vegetation 
as the draining mountain air. The soil at the base is usually of a much 
coarser texture than that of the surrounding area, as must necessarily 
be the case from rock material washed or otherwise directed down the 
gulch. Furthermore, the moisture content of the soil at the base is 
noticeably higher than that of the outlying area. 

The writer noted two abundant ant species in the area, Pheidole 
desertorum Whir., which was dominant at the immediate base of the 
gulch, and Pogonomyrmex barbatus rugosus Emery, more common in 
the surrounding dry area. The former nearly always inhabits cooler 
and more moist areas than the latter. 

It appears that the limitation of species is caused by a combination 
of factors and not by the action of any single one. Inasmuch as the 
limiting factors can not be separated adequately, it seems unwise to 
attribute such a limitation to any particular one of them or even to 
designate a dominant. 

Desert Soils as Affecting Ants——The type of desert soil has much 
to do in limiting the distribution of the many species of ants. While 
some ants, such as Myrmecocystus melliger semirufus Emery, live in 
all parts of the desert region irrespective of the soil type, most, however, 
demand a soil of a rather definite texture. Species which inhabit 
areas of sandy soil are not found generally in rocky or pebbly habitats. 

Most species were found in areas of fine or coarse sand. Because 
the “playa” rarely supports vegetation, the number of species popu- 
lating it is proportionately very low. 

Desert Ants Related to the Topographical Divisions of Deserts —The 
desert, from a strictly topographical standpoint, may be arbitrarily 
divided into three distinct units; (1) the desert plains, (2) the sandy 
or pebbly hillslopes and, (3) the dry washes and river bottoms. 

By far the greater number of species inhabit the sandy-desert plains 
and the ants in such habitats are chiefly the exclusive and the 
characteristic ones, typical of the desert. As explained elsewhere in 
this paper, definite migrations occur at certain seasons of the year. 
Therefore, it is impossible to assign a definite habitat to a species on 
either an annual or a perennial basis. 
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THE ROLE PLAYED BY VEGETATION IN THE LIFE OF THE 
SOUTHERN DESERT SHRUB ANT FAUNA 


The divers environmental extremes to which desert ants are at 
all times subjected limit their distribution into regions with more 
constant conditions. Long association of the species with certain 
variables of moisture and temperature, vegetation and food, permanently 
confines them to distinct and well-marked areas. Some species entirely 
or partially dependent upon the dominant or total vegetation are 
bounded only by regions in which these plants are unavailable. Thus 
a species, though it may be correctly termed a characteristic or an 
exclusive one, need not be present throughout the entire desert region. 

Ants, like plants, arrange themselves in rather definite communities. 
Thus, if we observe a certain set of factors acting upon one species 
of ant in a given habitat, we can be almost certain that other species 
will be associated with it. Very likely, the same set of factors acting 
upon the one species will not be identical in the case of the others. 
For example, while the temperature and moisture requirements for 
three species of ants may be very nearly the same, the food require- 
ments, on the other hand, may be uncorrelated. One species may feed 
upon seeds of plants, another upon insects, and yet another upon 
honey-dew. Thus it is that those ants which are directly dependent 
upon the existing vegetation are found in an area where the latter 
persists. 

As we have a definite zonal arrangement of plants so may we also 
have a zonation of ants, the existence of colonies, in this case, being 
either indirectly or directly dependent upon certain degrees or fluctu- 
ations of temperature and soil moisture, or, in many cases, upon the 
dominant vegetation type which is itself chiefly dependent upon and a 
product of specific environmental conditions. While the ant species 
of one zone may not be exclusive to it, they are, however, rather 
characteristic, or if not, have such a divers number of food habits that 
they may extend their range into several or many vegetational zones. 

The majority of ants are so dependent upon plants, or the insects 
and shade which they offer, that a careful study of them cannot possibly 
omit their plant associates. Should the entirety of the vegetation of a 
given area be destroyed, the number of surviving colonies of ants would 
be reduced to a minimum, this minimum being entirely dependent 
upon the life habits of the sum total of ants in the entire area. 


SOME CHARACTERISTICS OF SOUTHERN DESERT SHRUB ANTS 


Ants of the Southern Desert Shrub region may be arbitrarily divided 
into the exclusive, the characteristic, and the incidental species. The 
exclusive species are those whose distributions are confined to the 
Southern Desert Shrub region. These represent the most abundant 
desert ants and such forms are dependent upon the desert habitat 
for their continued existence. The characteristic species, on the other 
hand, are those which are most common to the Southern Desert Shrub 
but which may also extend their ranges outside of the true desert. 
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Familiar examples of these are Myrmecocystus semirufus Emery and 
Dorymyrmex bicolor Whir. The incidental species are those which have 
been able to enter the desert domain in very limited numbers and 
survive. These latter forms are characteristic of some other type of 
habitat. An example of this type is Myrmecocystus horti-deorum 
McCook. 

It is a significant fact that many of the true desert ants are 
harvesters (Pogonomyrmex, Novomessor, Ischnomyrmex, and Pheidole). 
Desert ants of the genera Camponotus and Myrmecocystus store 
water in the form of plant juices in specialized workers. Many ants 
adapt themselves to the desert seasons by becoming predators. This 
is true of some of the Myrmecocysti. Other species live upon fungi 
which they cultivate in their nests. Such species are greatly successful 
in deserts for they are not dependent upon the scant food supply. 
The Attine ants are of this type. 

Many desert ants are supplied with specialized hairs, known as 
macrochaetae, on the clypeal, manibular, mental, or gular surfaces of 
the head (33). These hairs are characteristic of species in the genera 
Pogonomyrmex, Dorymyrmex, Novomessor, and Ischnomyrmex (83). 
The macrochaetae are probably used for the purpose of carrying water 
to the nests (33). Ants of desert regions usually secure water from 
dew and seeds. The writer believes that metabolic water is very 
likely produced by some of the desert species, especially among pre- 
dacious forms which live in very arid sections. 

The colors of desert ants are perhaps in some way the results of en- 
vironmental conditions under which the ants live. The majority of 
desert ants are colored reddish grey, sandy, buff, or black. Many 
species tend to resemble the ground upon which they live, and so 
there is a preponderance of sand-colored forms. 


AN ANNOTATED LIST OF THE ANTS INHABITING THE SOUTHERN 
DESERT SHRUB REGION, IRRESPECTIVE OF DESERT 
MOUNTAIN HABITATS 


1. Odontomachus haematodes desertorum Whir.—The writer found 
individuals of this variety foraging in the desert near Phoenix, Arizona, 
at 8:30 P. M. Only a few were discovered and it was impossible to 
trace them to their formicary. Apparently most of the foraging of 
this species is nocturnal. Wheeler (41) reports the ant from a dry 
arroyo near Tucson, Arizona, but was unable to locate the nest. 

2 Eciton (Acamatus) harrisi (Haldeman).—This species has been 
reported from Nogales and Palmerlee, Arizona (35). 

3. E. mexicanum (F. Smith).—Reported from Nogales, Arizona (35). 

4. E. arizonense Whir.—Reported from Las Cruces, New Mexico, 
and Nogales, Arizona (35). 

5. E. oslari Whir.—Reported from Nogales, Arizona (35). 

6. Monomorium minimum (Buckley).—This ant was found by the 
writer in small numbers in the deserts of southern Arizona and to a 
limited extent in the Mojave Desert of California. It nests in the 
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ground, usually beneath stones. In rarer instances its small crater 
nests are in the open, directly exposed to the sun. This species cannot, 
however, be considered as a common desert ant. 

7. Solenopsis geminata (Fab.).—Nests of S. geminata were of 
common occurrence in the deserts of southern Arizona, especially in 
the vicinity of Tucson. There the irregular crater nests are built in 
the open spaces between vegetation. The ants are granivorous but 
have been observed feeding upon live insects. 

8. S. geminata diabola Whir.—This is a much rarer ant than is 
the typical species. It was found in small numbers in the sandy soil 
along the Colorado River near Needles, California. It has also been 
reported from Tempe, Arizona (35). 

9. S. molesta (Say).—This species has been reported from Las 
Vegas, New Mexico (35). It has been found by the writer in the 
desert near Phoenix, Arizona. 

10. S. xyloni (McCook) (Fig. 3).—This species has been found 
in large numbers by the writer at Phoenix, Tucson, and Douglas, 
Arizona, and at Las Cruces, New Mexico. The ants inhabit rather 
rugged crater mounds in sandy desert “draws.”” The colonies are quite 
populous and the workers extremely aggressive foragers. Associated 
vegetation consisted of Covillea tridentata, Franseria dumosa, Acacia 
greggi, and Opuntia spp. at the Arizona localities, and Covillea tridentata 
and Yucca spp. at Las Cruces. 

11. S. xyloni maniosa (Whir.).—This ant is reported by Wheeler 
from Tucson, Yuma, Tempe, Yucca, Benson, Arizona, and from Needles, 
California. Other points outside of the Southern Desert Shrub region 
are also listed in its range (41). 

12. S. xyloni aurea (Whir.).—S. aurea is reported by Wheeler from 
Austin and Fort Davis, Texas; Magdalena, New Mexico; and Yuma, 
Grand Canyon, Phoenix, Casa Grande, Penaleno Mountains and 
Coyote Mountains, Arizona (41). Creighton (12) reports that the 
ant nests under stones. Apparently the nests are never of the crater 
type. The ants are nocturnal or crepuscular in habits. 

13. Pheidole militicida Whlr.—P. militicida has been reported by 
Wheeler (41) as occurring in the desert near Hereford and Benson, 
Arizona (elevation 3,600 feet). According to this authority the small 
crater nests, three to five inches in diameter, are often covered with 
chaff, thus proving the ants’ harvesting activities. 

14. P. virago Whir.—Wheeler described this species from soldiers 
and workers taken in the valley of the Santa Cruz River, near Tucson, 
Arizona (41). The crater nests possess large central openings half 
an inch in diameter. 

15. P. fimbriata Roger (P. rhea Whir.). Wheeler reports this 
species from Nogales, Arizona (41). Apparently nothing is known 
of its habits. 

16. P. kingi torpescens Whir.—The subspecies torpescens has been 
found at Tucson, Arizona by Wheeler who described it from a few 
specimens found in a small nest under a rock (41). 

17. P. californica Mayr.—Workers of this species have been taken 
in large numbers by the writer in the desert near Needles, California. 
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Distribution of Pogonomyrmex californicus (®), P. californicus estebanius 
(°), P. barbatus molefaciens (“), and P. barbatus rugosus (*), in the 
United States. 

Distribution of Novomessor pergandei (©), N. andrei (°), Pogonomyrmex 
occidentalis maricopa (*), and Aphaenogaster (I.) albisetosus (“), in the 
United States. 

Distribution of A phaenogaster (I.) cockerelli (©), Pheidole desertorum (°), 
and Solenopsis xyloni (“), in the United States. 

Distribution of Myrmecocystus melliger semirufus (©), and M. mexicanus 
horti-deorum (°), in the United States. 
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The nests were small craters with single, central entrances in sandy 
soil. The ant is a true harvester, for seeds were stored in the nests 
and chaff surrounded the crater peripheries. Associated vegetation 
was Alfriplex polycarpa and Covillea tridentata. 

18. P. californica oregonica Emery.—P. oregonica, incidental to the 
Southern Desert Shrub region, occurs in very limited numbers in the 
rocky desert north of Phoenix, Arizona. Its nests and habits are 
almost identical with those of the typical form. The phytohabitat 
included such plants as Covillea tridentata and Fouquieria splendens. 

19. P. proserpina Whir.—Wheeler has reported taking individuals 
of this species “from a single nest under a stone on the banks of the 
Gila River at Tempe, Arizona” (35). 

20. P. xerophila tucsonica Whir.—The writer found many crater 
nests of this subspecies in the desert near Tucson, Arizona and as far 
north as Phoenix. They also occurred to a limited extent near Douglas. 
The colonies were usually quite populous and the ants active. 

21. P. xerophila tucsonica gilvescens Whir.—Nests of this variety 
were rather uncommon in the deserts of southern Arizona, but were 
found in small numbers in the vicinity of Tucson. The colonies seemed 
to be less populous than those of the typical subspecies which it 
resembles. 

22. P. barbata Whir.—This species has been reported by Wheeler 
from the Mojave Desert near Needles, California, where it builds small 
crater nests (35). 

23. P. vinelandica Forel.—This species has been taken in consider- 
able numbers by the writer near Douglas, Arizona. The ant extends 
its range north of the true desert region into the semidesert. The 
nests were commonly of fine sand and situated on exposed ground. 
Craters were usually present, although small and quite inconspicuous. 
The writer has collected numerous colonies from beneath stones and 
wood where nothing marks the presence of the nests but the very 
small entrances. 

24. P. desertorum Whir. (Fig. 3).—The writer has found ants of 
this species on the sandy desert plains beneath stones, near Phoenix 
and Tucson, Arizona. The colonies were usually very populous. The 
workers of this species are perhaps the most active of the entire genus 
in the United States. 

25. P. cockerelli Whir.—The writer was unable to locate this 
species in the desert region, although it has been reported from Tempe, 
Arizona by Wheeler (35). 

26. Crematogaster lineolata laeviuscula clara Mayr.—Several indi- 
viduals of this species were collected by the writer at Douglas, Arizona, 
and Lordsburg, New Mexico. 

27. Aphaenogaster (Ischnomyrmex) cockerelli Ern. Andre. (Fig. 
3).—Ischnomyrmex cockerelli is rather common in the deserts near 
Barstow, Ludlow, and Tehatchapi, California, and Phoenix, Tucson, 
and Douglas, Arizona. It constructs large and rude craters of pebbles, 
most of which are under four inches in height. The single nest entrance 
is large and irregular. Vegetation in association with I. cockerelli 
included Covillea tridentata, Franseria dumosa, Opuntia spp., and 
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Atriplex polycarpa at the California localities, and Covillea tridentata, 
Carnegiea gigantea, Echinocereus sp., Fouquieria splendens, and Opuntia 
spp. in Arizona. 

28. A. (Ischnomyrmex) albisetosus Mayr. (Fig. 2).—A few colonies 
of I. albisetosus were found by the writer under large stones on the 
rocky desert plains in the northern parts of Cochise and Pima counties, 
Arizona. Many seeds were stored in one of the nests. This species 
is evidently much less common than is J. cockerelli. The phytohabitat 
was the same as that of J. cockerelli, at the same locality. 

29. Novomessor pergandei Ern. Andre. (Fig. 2).—This is probably 
the most common species in the genus. It is quite widely distributed 
throughout southern California and Arizona. The nests are made up 
of one or more flattened and symmetrical craters, fifty centimeters or 
more in diameter, and perforated with from one to three very irregu- 
larly-shaped entrances. These entrances are often slit-shaped and as 
much as five or six centimeters in length. Galleries and chambers 
are excavated in dry compact soil or loose sand to a depth of about 
seventy centimeters. Seeds are harvested in great numbers, the kinds 
varying with the surrounding vegetation. A crescentic or circular 
ring of chaff borders the periphery of each mound and often many of 
the discarded seeds germinate, with a resulting circle of plants. Like 
other true desert ants this species confines its harvesting to the early 
morning and late afternoon hours and at these times long lines of 
workers may be seen actively engaged at harvesting. 

N. pergandei is quite common in the vicinity of Barstow, California, 
in the Mojave Desert, where it inhabits the soil covered with an almost 
pure stand of Alfriplex polycarpa (Desert Sage). Near Bakersfield, 
California it is associated with Bromus sp., Salsola pestifer, and Atriplex 
polycarpa and abounds in shady areas. 

30. N. andrei Mayr. (Fig. 2).—N. andrei seems to be exclusively 
confined to the region of southern California and western Arizona, 
from Sacramento southward to the Mojave Desert and thence east- 
ward to Williams, Arizona. It is of common occurrence on the desert 
plains near Bakersfield, California where its large crater mounds are 
built in the packed desert soil. Like N. pergandei it harvests seeds 
in great numbers and the nest chambers restricted to graineries are 
often filled to overflowing with seeds of Hordeum sp. The colonies are 
large and in July contain much brood and many winged forms. In 
the Mojave Desert, N. andrei is associated with Atriplex polycarpa, 
Hordeum sp., Covillea tridentata, and Parosela spinosa (Gray). 

31. Pogonomyrmex occidentalis Cresson.—This species has the 
greatest geographical range of any in the entire genus. It is character- 
istic of, but not exclusive to, the short and tall grass plains and sage- 
brush semidesert areas of the United States. It was found in small 
numbers south of Prescott, Arizona, on the very edge of the desert. 

P. occidentalis has attained such great interest and attention among 
myrmecologists that a detailed account of the species need not be 
presented here. The reader is referred to the excellent book by McCook 
(18) and shorter papers by Wheeler (27) and Cole (8 and 10). 
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32 P. occidentalis subnitidus Emery.—The writer collected a few 
individuals of this variety from a small mound on a gently-sloping 
hillside in the Mojave Desert of California. Little is known of its 
habits and habitat. It appears to be one of the more rare ants of the 
genus. 

33. P. occidentalis maricopa Whir. (Fig. 2).—This variety is present 
in considerable numbers in the region between Douglas, Arizona, and 
Lordsburg, New Mexico, where it inhabits large pebble mounds, 
especially along the Rio Puerto. The colonies are very populous. 
The habits and mounds of this variety seem to be very similar to those 
of the typical occidentalis. 

34. P. subdentatus Mayr.—This species was collected by the 
writer from Arizona and California, and Wheeler states that it is con- 
fined to the deserts of Texas, New Mexico, California, Arizona, and 
northern Mexico (43). The colonies are small, widely scattered, and 
comprise only a few individuals. The ants build small crater nests 
and make no attempt to clear the surrounding vegetation. 

35. P. desertorum Whir.—The species desertorum nests from Texas 
to Arizona (43). The writer collected several individuals from small 
mounds twelve centimeters in diameter and two centimeters high. 
Each mound contained a crater and a single central entrance. The 
mounds were composed of coarse, loose sand in a community of Yucca 
spp. near Kingman, Arizona. One colony was also observed in the 
sandy soil along the Colorado River, near Needles, California. 

36. P. californicus Buckley. (Fig. 1).—P. californicus is one of the 
more common ants of the desert states, especially California and Ari- 
zona. It has been collected by the writer from California, Arizona 
and New Mexico and has further been recorded from Texas by Wheeler 
(43). In California it replaces the Occidental harvester, P. occidentalis 
Cresson. 

The ants construct nests of flat sand craters, or merely holes in the 
sand which lead to shallow subterranean chambers. The colonies are 
populous and the workers active. Seeds are harvested in great 
numbers. 

The writer has already published detailed notes on P. californicus (9). 

37. P. californicus estebanius Pergande (Fig. 1).—This variety of 
californicus, which is recorded from California by Wheeler (43), was 
found in various parts of the Mojave Desert and the deserts of Arizona 
by the writer. It appeared to be most common in the vicinity of 
Ludlow, California, but it was of much rarer appearance than the 
typical form. 

The nests varied from mere holes in the sandy soil to large crater 
mounds with single central entrances, often irregular and eccentrically 
sloping. Brood chambers and seed chambers were interspersed through- 
out the mounds, and the first chambers appeared about four inches 
beneath the mound surfaces. Winged forms were present on July 18, 
1931, with males predominating in numbers. 

38. P. (Ephebomyrmex) pima Whir.—This species is present in 
the succulent desert region in the vicinity of Tucson, Arizona, and 
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occurs less abundantly at Phoenix. The habits of the ant are ap- 
parently unknown, and, to my knowledge, winged forms have not 
been found. Associated vegetation consisted of Carnegiea gigantea, 
Echinocereus sp., Fouquieria splendens, Covillea tridentata, Yucca spp., 
and Opuntia spp. 

39. P. barbatus rugosus Emery. (Fig. 1).—This subspecies is 
recorded from Arizona and California by Wheeler (43). The writer 
found it abounding in the desert region of southern Arizona. It is a 
characteristic ant of the Angel Plateau of the Grand Canyon, and of 
the adjacent dry boulder beds (31). 

The nests are flat discs of gravel or sand and are often very rudely 
shaped. The ants clear the vegetation immediately surrounding their 
nests. 

40. P. barbatus molefaciens Buckley. (Fig. 1).—P. molefaciens is of 
rather common occurrence in the region north of Lordsburg, New 
Mexico, and is found as far north as Pueblo, Colorado. It is also 
common in the western counties of Texas. The ants inhabit large 
bowled pebble mounds, whether grouped or scattered. The colonies 
are large and the occupants aggressive and vicious. 

41. P. huachanus Whir.—The writer found only one colony of this 
ant, in the Mojave Desert, near Needles, California. The nest was a 
rather minute crater mound in the sand. The colony was small and 
the workers were sluggish. 

42. Atta (Moellerius) versicolor Pergande.——The writer found 
colonies of A. versicolor abounding in the deserts near Phoenix and 
Tucson, Arizona, and to a more limited extent in the Mojave Desert 
of California. The species has also been reported from Yucca, Cali- 
fornia by Wheeler (32). 

The large crater nests of pebbles or sand are prominent in the sandy 
desert ‘“‘draws.’’ Single large, central galleries penetrate the craters 
and lead into numerous and irregularly-shaped brood and fungus 
chambers. 

Catclaw bushes (Acacia greggi) are often defoliated in their desert 
habitats by leaf-gathering workers of A. versicolor. Wheeler presents 
excellent descriptions of the activities of this species in his paper 
entitled, “‘The Fungus-growing Ants of North America” (32). 

43. A. (Trachymyrmex) arizonensis Whir.—This species, which 
has been reported from Palmerlee, Cochise County, Arizona (32), 
has been found in small numbers by the writer near Douglas, Arizona. 
The nest of the ants was not located. 

44. Dorymyrmex pyramicus bicolor Whlir.—The populous colonies 
of this form are numerous in sandy and pebbly soil throughout the 
Southern Desert Shrub region. The small and eccentrically-sloped 
crater mounds of D. bicolor are provided with single, central, and 
sometimes sloping, entrances. 

45. Iridomyrmex analis Ern. Andre.—This species is one of the 
most common occupants of the Southern Desert Shrub region. It 
builds minute crater nests of fine sand, and unless the mounds are 
grouped, one experiences great difficulty in finding them. The small 
workers are very active. 
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46. I. pruinosus var.—An, as yet, undetermined variety of J. pru- 
inosus was found in various parts of California and Arizona, especially 
in the vicinities of Needles, California, and Prescott, Arizona. The 
nests were much the same as those of J. analis. The colonies were 
always small and the ants active. 

47. Forelius maccooki Forel.—This species has almost the same 
range as does J. analis, but is more limited and rather widely scattered. 
The nests are usually multiple craters of fine sand. The writer found 
colonies in various parts of the desert near Tucson, Arizona, which is 
perhaps the area in which it abounds. 

48. Prenolepis (Nylanderia) guatemalensis Forel—Tte writer found 
several individuals of this species in the desert south of Prescott, 
Arizona. The nest was not located. 

49. Lasius niger sitkaensis Pergande.—This ant was found by the 
writer in small numbers along desert streams, especially in Arizona. 
The nests were usually beneath rocks, but occasionally a small crater 
nest was observed in a rather shady habitat. The colonies were quite 
populous. 

50. Formica subpolita perpilosa Whir.—This species is of quite 
common occurrence in the periodical river bottoms of the Mojave 
Desert and of the desert around Tucson, Arizona. It builds low 
mounds, often with craters, at the bases of shrubs. The colonies are 
rather large and the ants active. 

51. F. rufibarbis gnava Buckley.—This variety is quite common in 
the eastern part of the Mojave Desert, especially in the vicinity of 
Needles, California. It also occurs, to a very limited extent in the 
desert area south of Prescott, Arizona. The colonies observed by 
the writer were all beneath large flat rocks, in shaded and rather 
moist habitats. 

52. F. cinerea pilicornis Emery.—This subspecies was found by the 
writer in scattered, open nests on the sandy plains of the Mojave 
Desert, in the vicinity of Barstow, California. The low crater mounds 
were in the interspaces of creosote bush and Mormon tea (Ephedra sp.). 

53. Myrmecocystus melliger orbiceps Whir.—M. orbiceps is quite 
abundant in the deserts of southern Arizona, its range extending as 
far north as Phoenix. The nests consist of rather obscure craters 
built in gravelly or sandy soil, and possess eccentric and very large 
single entrances. The colonies comprise only a few hundred individuals, 
apparently none of which are repletes. The ants commonly feed upon 
termites and other insects, and have never been observed feeding 
upon the honey-dew of aphids. M. orbiceps builds its nests in the 
succulent desert areas of Covillea tridentata, Echinocereus sp., Fouquieria 
splendens, and various species of Opuntia and Yucca. The mounds are 
scattered in the bare areas between plants. 

54. M. melliger mimicus Whir.—This species is rather common 
and widely distributed through the Mojave Desert and the succulent 
deserts of southern Arizona, in the vicinity of Phoenix and Tucson. 
M. mimicus nests in both sandy and gravelly soil, the former habitat 
in the Mojave Desert and the latter in the deserts of southern Arizona. 
It constructs neat crater mounds about one inch in diameter and with 
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single, central entrances. The nests are not known to contain repletes, 
and the workers prey upon insects. 

M. mimicus is found associated with Covillea tridentata, Prosopis 
sp., Yucca spp., and Opuntia spp. in the Mojave Desert, and with 
Carnegia gigantiea, Echinocereus sp., Fouquieria splendens, Opuntia 
spp., and Yucca spp. in the Arizona habitats. 

55. M. melliger depilis Forel —This variety of mimicus is apparently 
of occasional occurrence in the Mojave Desert, near Needles, California. 
It has been reported by Wheeler (34) but the writer has not been able 
to locate it. 

56. M. melliger semirufus Emery. (Fig. 4).—M. semirufus is of 
common occurrence in the Mojave Desert of California and is less 
abundant in the desert about Tucson, Arizona. M. semirufus con- 
structs small regular mounds about three inches in diameter in loose 
sandy soil. Each mound contains a deep crater and a single central 
entrance. At Hammett, Idaho numerous mounds were found by the 
writer on the sandy semidesert plains. Each mound contained winged 
forms of both sexes. The workers were very abundant but no repletes 
wereobserved among them. 

The condition of the semidesert near Hammett approaches that of 
the Mojave Desert and many of the same plants are to be found. The 
vegetation of the former locality consists predominantly of Artemisia 
tridentata, Sarcobatus vermiculatus, Chrysothamnus graveolens glabrata, 
Atriplex confertifolia, and A. canescens. In the Mojave Desert the 
ant is common in a vegetational habitat of species of Yucca and Opuntia, 
and Covillea tridentata, and in Arizona is associated with Fouquieria 
splendens, Covillea tridentata, Carnegiea gigantea, Echinocereus sp., and 
Opuntia spp. 

57. M. melliger semirufus testaceus Emery.—This variety Wheeler 
(34) believes to be merely a color form of semirufus. It is reported 
from the Mojave Desert as well as from the desert near Phoenix, 
Arizona. Nothing is known of its habits, but it presumably lives in 
pure sand. 

58. M. mexicanus horti-deorum McCook. (Fig. 4).—This variety 
of M. mexicanus rarely occurs in the Mojave Desert. The writer, 
however, found one small colony in a rocky section between Needles, 
California, and Kingman, Arizona. Pebble mounds of this form are 
quite abundant in the area south of Prescott, Arizona, and an occasional 
one is to be found near Phoenix. The writer does not believe, however, 
that it can be regarded as a characteristic ant of the Southern Desert 
Shrub region. McCook, in his book (18), has covered this form so 
thoroughly that an extensive description of its habits and habitat is 
unnecessary in this paper. It is enough to state that this ant is the 
most common representative of the American Myrmecocysti. 

59. M. mexicanus navajo Whir.—Like horti-deorum this ant cannot 
be listed as characteristic of the true desert region. The writer 
found it in abundance near Hammett, Idaho in the sagebrush semi- 
desert region. Winged forms appeared on April 11. The mounds 
built by the ants were very small and consisted only of single entrances 
surrounded by scattered sand. 
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60. M. mexicanus mojave Whir.—M. mojave is recorded from 
Ontario, California by Wheeler (34). Nothing is known of its habits. 

61. M. lugubris Whir.—This species is recorded by Wheeler (34) 
from the Mojave Desert, California. Repletes are present in the 
nests. Nothing is known of the habits of the ant. 

62. M. yuma Whir.—This ant has been taken by the writer from 
small crater mounds of sand near Douglas, Arizona. The colonies 
were rather large. 

63. Camponotus maculatus maccooki Forel.—C. maccooki has been 
recorded from California by Wheeler. It has been found by the writer 
near Tehatchapi, California, and at various points between Prescott 
and Phoenix, Arizona. One nest was found near Douglas, Arizona. 
The ant inhabits nests beneath large rocks in moist habitats. The 
colonies are large and contain many soldiers. 

64. C. fumidus festinatus Buckley.—C. festinatus inhabits the 
higher desert plateaus near Tucson, Arizona. The writer was unable 
to locate the formicaries. 

65. C. acutirostris primipilaris Whlr.—This ant has been recorded 
from Nogales, Arizona by Wheeler (35). 

66. C. sayi Emery.—C. sayi has been recorded by Wheeler (35) 
from Nogales, Arizona. 

67. C. hyatti Emery.—C. hyatti is of very limited occurrence on 
the more moist slopes in the Mojave Desert, where a few individuals 
were taken by the writer. The formicaries were not found. 





SUMMARY 


The study of desert ants of the United States necessitated 
a survey of predominate vegetation and vegetation types as 
well as a knowledge of desert climate and soils. 

Ants of the Southern Desert Shrub region are rather 
markedly affected by climatic conditions. "Temperature affects 
activities outside the nests and is partially responsible for 
determining seasonal successions of ants. Winds alter, level 
and destroy mounds, direct the establishment of new colonies, 
transport food and desiccate the soil. Precipitation in the 
form of periodical showers and cloudbursts, destroys nests 
and kills the occupants. Evaporation determines the pro- 
portion of soil moisture which, in large amounts, is detrimental 
to ant colonies. Light in conjunction with temperature partly 
determines the daily periods of ant activity. Some ants are 
sun-loving species, others live in the shade, and some show no 
apparent preference to either type of habitat. Cold air drain- 
age perhaps is partly responsible in determining ant distribu- 
tion at the base of a desert gulch but soil texture and moisture 
seem to be more important factors. In many cases distributions 
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of the ants seemed to be correlated with topographical divisions 
and soil types. Vegetation plays a decided role in the existence 
of the colonies. The ants usually live in rather definite com- 
munities and these very often are associated with certain plant 
communities. Many desert ants are dependent upon seeds for 
food or upon plants for shade and moisture from dew. 

Ants of the Southwestern deserts may be divided into the 
exclusive, the characteristic, and the incidental species. Many 
are seed feeders, others cultivate and live on fungi and a large 
number are predators or scavengers. 

A list of ants of the desert region includes 67 species, sub- 
species and varieties which are discussed annotatedly. 
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A GENERAL TEXTBOOK OF ENTOMOLOGY, THIRD REVISED EDITION, 
by A. D. IMMs. pp. i-xii and 1-727, 624 text figures. Published by E. P. 
Dutton and Company, Inc., New York. Price, $10.80. 

Imms, now at Cambridge University, was recently Chief Entomologist at 
the Rothamsted Experiment Station and previous to that Forest Entomologist 
to the Government of India. Always he has been interested in the general prob- 
lems of the biology of insects of which he has published much. Being in the 
British service with its far-flung colonies he has had continuously to adjust his 
ideas to a world point of view. It is this experience that helps account for the 
broad views of this volume. It is a general entomology for students in all the 
English colonies. As such it fits well into our American needs. 

The volume is divided into three parts: Part I. Anatomy and Physiology, 
pp. 1-169; Part II. Development and Metamorphosis, pp. 170-210, and Part 
III. The Orders of Insects, pp. 211-693. Some few illustrations have been changed 
from the previous edition and a few added. Besides some expansions in Part III 
the revisional matter is confined largely to additional matter on anatomy and 
physiology which brings the text into line with the most advanced recent work. 
Imms appears to be particularly-adept at keeping abreast of the times. 

This well known text needs no further recommendation. We have recom- 
mended it twice before and it is now better than ever.—C. H. K. 





INCUBATION PERIOD OF EGGS OF CERTAIN MUSCOID 
} FLIES AT DIFFERENT CONSTANT TEMPERATURES 


Roy MELVIN, 


Assistant Entomologist, Bureau of Entomology, 
United States Department of Agriculture 


Despite the economic importance of the muscoid flies as a 
group, very few quantitative data are available on the effect 
of temperature on the duration of the incubation period. 
Wardle (11) presented valuable data on the incubation period 
of eggs of Lucilia sericata Meig. at a series of constant temper- 
atures. Notes on the incubation period of Stomoxys calcitrans 
L. by Melvin (5) and of Haematobia irritans L. by Melvin and 
Beck (6) are available. 

The purpose of this paper is to present the results of a 
comparative study of the duration of the incubation period 
of eggs of certain muscoid flies at various constant temperatures. 
This study was undertaken in order to answer a common 
question: How long does it take for a fly egg to hatch? 


METHODS 


The temperature cabinet employed was similar to the false top 
and bottom type described by Brindley and Richardson (1) and main- 
tained a constant temperature within 0.1°C. The experiments were 
conducted at temperatures ranging from 59° to 109° F. at 5-degree 
intervals. The choice of species was determined by their economic 
importance, abundance, and the ease with which they would oviposit 
in captivity. Four species, namely, Musca domestica L., Cochliomyia 
macellaria Fab., Phormia regina Meig., and Lucilia sericata Meig., 
were studied in considerable detail. Notes are presented on Lucilia 
cuprina Wied., Lucilia unicolor Towns., Lucilia australis Towns., 
Haematobia irritans L., and Stomoxys calcitrans L. 

Eggs of known age (within a range of 5 minutes) were placed on 
small squares of wet filter paper over water (100 percent relative 
humidity) in the temperature cabinet. At the time of hatching 
observations were made at 10-minute intervals, and the number of 
eggs hatched, based on the number of larvae present, was recorded. 
Thus a time record was obtained for each egg that hatched. The 
experimental data as given in Table I and shown graphically in part 
in Figure 1 are weighted means. Neither the number of eggs used in 
this study nor the percentage of hatch at the various temperatures is 
included in this paper, since some of the eggs were undoubtedly in- 
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fertile. It will also be noted in Figure 1 that the reciprocal of time 
(1/time) is plotted against temperature; these curves will be discussed 
presently 
RESULTS 
It will be noted from Table I that high temperatures actually 
prolong the incubation period, especially in the case of L. cuprina. 
) 


Parker (7) found the same thing in his work on the eggs of Melanoplus 
mexicanus Sauss. Pierce (9) called attention to the retardation of 
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Fic. 1. Time-temperature curves and reciprocal of time-temperature curves for 
eggs of Phormia regina, Musca domestica, and Cochliomyia macellaria. 


insect development at high temperatures and pointed out that this 
phenomenon should be taken into consideration in computing effective 
temperatures. No physiological explanation is offered for this phenom- 
enon. It is well to mention here that Koidsumi (2, 3) found a decrease 
in both the number of heart beats and the body respiratory movements 
of larvae of Chironomus viridicollis Van der Wulp at high temperatures. 

Eggs of none of the species studied hatched at 109° F. Eggs of 
four species, namely, M. domestica, C. macellaria, P. regina, and L. 
cuprina, hatched at 104° F., while those of L. sericata, L. unicolor, L. 
australis, H. irritans, and S. calcitrans failed to hatch at this temperature. 
In preliminary tests eggs of M. domestica, C. macellaria, and P. regina 
hatched at 107° F.; thus the highest temperature at which the eggs of 
these three species will hatch is between 107° and 109° F. Since 
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less than 10 percent of the eggs of C. macellaria hatched at 59° F.,, 
no time duration for the incubation period is given in Table I. This 
small percentage hatch indicates that the lowest temperature at which 
C. macellaria eggs will hatch is not far below 59° F. 

Literature contains several formulae proposed to express mathe- 
matically the relation of temperature to the rate of development of 
insects. Krogh (4) and Sanderson and Peairs (10) arrived independently 
at the conclusion that when the reciprocal of time (1/time; i.e., velocity 
of development or the fraction of the total development per unit of 
time) was plotted against temperature, a straight line was obtained. 
The latter authors extended the straight line until it intersected the 
temperature axis and used this point as zero in computing temperature 
summations. Peairs (8), using among other things larvae and pupae 
of several species of muscoid flies, presented further evidence in support 
of the above mentioned theory but pointed out that there was a 
departure from the straight-line relationship at both ends of the 
velocity curve. The data presented herein (Table I and Figure 1) 
show that in the case of eggs of certain muscoid flies the reciprocal of 
time-temperature curves are distinctly S-shaped, so much so that their 
applicability in determining zeros for computing temperature sum- 
mations seems questionable. 


CONCLUSIONS 

1. High as well as low temperatures prolong the incuba- 
tion period of eggs of certain muscoid flies. 

2. None of the species studied hatched at 109° F. 

3. Eggs of four species, namely, Musca domestica, Coch- 
liomyita macellaria, Phormia regina, and Lucilia cuprina, 
hatched at 104° F., while those of L. sericata, L. untcolor, L. 
australis, Haematobia irritans, and Stomoxys calcitrans failed 
to hatch at this temperature. 

4. The lowest temperature at which eggs of C. macellaria 
will hatch is not far below 59° F. since less than 10 percent 
hatched at this temperature. 

5. The reciprocal of time-temperature curves of the eggs 
of certain muscoid flies are distinctly S-shaped, and their 
applicability in determining zeros for computing temperature 
summations seems questionable. 
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BOOK NOTICE 


BIOLOGIE DER WASSERINSEKTEN, Ermn LExHR-UND NACHSCHLAGEBUCH 
UEBER DIE WICHTIGSTEN ERGEBNISSE DER HyDRO-ENTOMOLOGIE, by Professor 
Dr. Phil. et Med. H. H. Karny. pp. i-xv and 1-311, text figs. 160, 1934. 
Published by Fritz Wagner, Vienna, Austria. Price, paper $7.00, linen 
$8.00. (RN 16 and RM 18.) 

The Biology of Water Insects written by Professor Karny, the world authority 
on Oriental Orthoptera, particularly the Gryllacridae or cricket locusts, is a ven- 
ture out of his usual field. Coming as the volume does from one of the world’s 
great systematists it is largely anatomic and systematic. Naturally it is a 
compendium and review of the work of others. The two and a half pages of 
“additions and corrections,’’ pages 309-311, suggest hurry between writing and 
publishing, though many of these appear trivial. 

Following the Introduction, Table of Contents and List of Illustrations the 
subject matter is treated under ten headings: I, Limnological Foundations (Vorbe- 
griffe), pp. 12-20, covering marine hydrobiology, limnology, lakes and streams, 
physical and chemical characteristics of water and aquatic associations; II. 
Entomological Introduction, pp. 21-29; III. Pleuston (Surface) Insects, pp. 30-46; 
IV. Beetles of the Necton and Benthos, pp. 47-69; V. Submersed Water Bugs, 
pp. 70-96; VI. Aquatic Larvae of Neuropteroid Insects, pp. 97-155; VII. Other 
(sonstige) Herbivorous Aquatic Larvae, pp. 156-178; VIII. Other Aquatic 
Dipterous Larvae, 179-248; IX. Hymenopterous Larvae as Parasites of Water 
Insects, pp. 249-258; X. Limnological Summary, pp. 259-269. Following the text 
is a List of the Literature Used, pp. 270-282, an Author Index and General Index. 

The reviewer can judge only ten pages devoted to odonate larvae. Three of 
these are devoted to a key to the nymphs of European species. Three pages are 
devoted to illustrations which leaves four pages given to a discussion of the biology 
of dragonfly nymphs. The material is well chosen, but the treatment is of necessity 
very brief. The whole volume is in this very condensed form. It leaves the 
specialist with regrets for the great amount of valuable information which had 
to be omitted for lack of space. 

The volume covers the aquatic insects of Europe with occasional references 
tootherforms. It is richly illustrated and beautifully printed on very white paper, 
a credit to the author and to the publisher. In size and quality it compares 
favorably in price with some recent American books on aquatic insects.—C. H. K. 








THE SIGNIFICANCE OF THE DRAGONFLY 
NAME “ODONATA”’! 


CLARENCE E. MICKEL, 


University of Minnesota 


The name ‘‘Odonata”’ was first applied to the dragonflies 
by Fabricius (1793) to designate the insects belonging to the 
fifth ‘‘Classis’’ in his system of classification. Entomologists 
since the time of Fabricius have apparently been more or less 
puzzled as to why he chose this term ‘‘Odonata”’ for the dragon- 
flies, and several suggestions have been offered to explain it. 
Calvert (1893) in a footnote states, ‘‘Greek ‘odous, ddovros 
(odous, odontos), a tooth, referring presumably to the toothed 
mandibles.”’ Tillyard in his work ‘‘The Biology of the Dragon- 
flies’’ (1917) explains, ‘‘Fabricius, in re-arranging the Orders 
of Insects by the structure of the mouth-parts, constituted the 
Dragonflies as a separate order under the name Odonata, 
because of the form of their mandibles. (Greek édovs a tooth, 
stem édo7r—. The word should therefore more correctly be 
Odontata).’’ Comstock in his ‘‘Introduction to Entomology”’ 
(1924) is even more puzzled; ‘‘The name of this order is evi- 
dently from the Greek word ddous, a tooth; but the reason 
for applying it to these insects is obscure; it may refer to the 
tusk-like form of the abdomen.’’ Other authors either repeat 
Calvert’s explanation or ignore the meaning of the word 
entirely. None of these explanations is satisfactory; the 
mandibles of most insects are toothed and a name indicating 
‘‘toothed mandibles’’ is no more significant of dragonflies 
than it would be of beetles or grasshoppers. The alternative 
explanation with regard to the abdomen is too far-fetched to 
warrant consideration. 

I believe that Fabricius had a very definite idea in mind 
when he applied the name ‘‘Odonata”’ to the dragonflies and 
that he intended the name to signify something diagnostic 
with regard to these insects. Fabricius’ system of classifica- 
tion as well as all of his ordinal or ‘‘Classis’’? names, except 
Odonata, have long ago been rejected and on this account we 
fail to appreciate the significance of the name he proposed 


1Paper No. 1,223 of the Scientific Journal Series of the Minnesota Agricultural 
Experiment Station. 
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for the dragonflies. In order to explain this name correctly 
it is necessary for us to project ourselves into the last half of 
the eighteenth century and attempt to understand what was 
in the minds of Linné and his pupil Fabricius when they pro- 
posed their respective systems of classification. 

It is well known that Linné’s system of classification in- 
cluded seven orders of insects based solely on characteristics 
of the wings. It is also obvious that the ordinal names which 
he used were so formed as to indicate not only the organs 
used as a basis for classification but also the characteristic 
of those organs; thus all of the names are made up of -ptera 
preceded by an adjectival prefix indicating the character of 
the wings; ex. coleos, a sheath, and pteron, wing, Coleoptera; 
lepido, a scale, and pteron, wing, Lepidoptera. The diagonstic 
characters used by Linné for these two orders were Coleoptera, 
front wings crustaceous; Lepidoptera, wings imbricated with 
scales. It is certainly clear in the case of Linné that the names 
he used were not merely names but were in fact diagnostic 
terms intended by him to reveal what he regarded as the 
fundamental characteristic of the insects to which he applied 
the name. 

If we examine the synopsis of the Fabrician system of 
classification as outlined in his Supplement, Entomologia 
Systematica (1798), it becomes clear that the same idea 
motivated Fabricius in arranging a system of classification 
for the insects. It is not so obvious in the case of Fabricius 
because he was independent and took liberties in compounding 
Greek words to form his ordinal names. He had become 
convinced that the characters of the maxillae of insects offered 
a better basis for classification than that afiorded by the wings 
and he believed that ordinal names should reveal the outstanding 
characteristic of the maxillae, just as Linné had used ordinal 
names with reference to the wings. On this account he rejected 
all the ordinal names then in use and proposed an entirely 
new set to express his own system of classification. It is often 
stated that Fabricius’ system of classification was based on 
the mouthparts of insects but such a statement is only in part 
true. He actually based his system on the characters of 
the maxillae alone and this was recognized by early ento- 
mologists who referred to it as the ‘‘maxillary system”’ (viz. 
Kirby and Spence (1826), p. 449). 
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The names of the orders of insects then in use all called 
attention to some characteristic feature of the wings and 
Fabricius, convinced that these names were entirely inap- 
propriate for use in a system based on the characters of the 
maxillae, discarded every ordinal name proposed up to his 
time. I believe he did this in order to replace them with 
names not only appropriate but which would call attention 
in each case to the primary character which in his mind 
distinguished each order. If he followed custom in forming 
names he would then select a name indicating ‘‘maxillae”’ 
and add an adjectival prefix indicating the characteristic 
feature of the maxillae. The Greek word which he selected 
(yvaGa, jaw), not only means ‘‘jaw.”’ but according to Liddell 
and Scott’s Greek-English Lexicon, it properly refers to the 
lower jaw which in the insects is the maxillae. If we examine 
the name of Fabricius’ (1798) ninth order we find it to be 
Kleistognatha, (kleistos, closed, and -gnatha, jaw), and his 
diagnosis of that order is ‘‘Many maxillae without the labium, 


closing the mouth.” ‘‘Kleistognatha’’ is the only ordinal 
name used by him in which the term -gnatha is complete and 
obvious. ‘‘Gnatha’’ is a word which does not lend itself 


readily to prefixes and apparently Fabricius overcame this 
difficulty by dropping not only certain letters from it, but 
also dropping letters from the prefixes. In most of his ordinal 
names he has dropped the letters g, n and h from -gnatha 
leaving only -ata, thus Eleutherata, (eleutheros, free, and 
-ata for -gnatha, jaw), maxillae naked, free, palpigerous; 
Piezata, (piezo, to press, and -ata for -gnatha, jaw), maxillae 
corneous, compressed, often elongate; Mitosata, (mitos, a 
thread, and -ata for -gnatha, jaw), maxillae filiform, 
membranous. 

In the case of Odonata he has apparently dropped only 
the letters g and h from -gnatha leaving ‘‘nata,’’ and has used 
odous, a tooth, as a prefix, dropping the u and s, thus Odonata 
(Odo for odous, a tooth, and -nata for -gnatha, jaw), maxillae 
corneous, toothed, two palpi. Odo- has been used in many 
scientific names to express the idea ‘‘toothed,’’ thus Odobranchia 
(=odous, and branchiae) in Pisces, Odotropis (=odous, and 
tropis) in Mollusca, Odogenius (=odous, and geneion mean- 
ing mentum) in Coleoptera, Odoptera (=odous, and ptera) 
in Lepidoptera, to citea few. The naturalists of the eighteenth 
and early nineteenth centuries took many liberties in com- 
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pounding Greek and Latin words for scientific names. They 
were trained in Greek and Latin and did not hesitate to adapt 
those languages for scientific purposes. They sought names 
to express characteristic features of the animal to which the 
mame was applied and if it became necessary to drop letters 
in order to form a euphonius name the letters were unhesitat- 
ingly dropped. A name with a meaning was more important 
to them than the unaltered use of Latin and Greek stems and 
prefixes. If we moderns would recognize this fact many of our 
problems in nomenclature with respect to the correct form of 
family and higher-group names would disappear. If Fabricius 
had been a stickler for the unaltered use of stems and prefixes 
he would have arrived at a name for the dragonflies such as 
Odontgnatha or possibly Odontognatha. We are fortunate 
that he saw fit to drop certain letters and arrive at Odonata 
which is short and euphonius. It is also significant if we 
admit that he was trying to incorporate in his name for the 
dragonflies the maxillary character which he proposed for 
their diagnosis, i.e. maxillae toothed. It is intelligible because 
the dragonfles as a group have the maxillae much more con- 
spicuously toothed than any other group of insects. 

Fabricius did not succeed in establishing his system of 
classification, and since the system was abandoned his ordinal 
names fell into the discard, with the exception of Odonata 
which has survived on the grounds of priority. Isolated and 
standing alone its meaning became obscure and unintelligible 
as is attested by the attempted explanations of recent times. 
Returned to its original position in Fabricius’ system it becomes 
intelligible and certainly is meant as a name to indicate the 
principle diagnostic character assigned to the group by Fab- 
ricius, i.e., maxillae toothed. 


LITERATURE CITED 

Calvert, Philip P. 1893. Catalogue on the Odonata (Dragonflies) of the Vicinity 
of Philadelphia, with an Introduction to the Study of this Group of Insects. 
Trans. Amer. Ent. Soc., 20: 153. 

Comstock, John Henry. 1924. An Introduction to Entomology. p. 314. 

Fabricius, J. C. 1793. Entomologia Systematica, 2: vi. 

Fabricius, J.C. 1798. Supplementum Entomologiae Systematicae. 

Kirby, Wm., and Spence, Wm. 1826. An Introduction to Entomology or Elements 
of the Natural History of Insects, 4: 449-454. 

Liddell and Scott. 1900. An Intermediate Greek-English Lexicon. 

Linne, Carlvon. 1758. Systema Naturae per regna tria naturae secundum classes, 
ordines, genera, species, cum characteribus, differentiis, synonymis, locis. 
Edit. x. Holmiae. 


Tillyard, R. J. 1917. The Biology of the Dragonflies, p. 1. 








SOME ABERRANT SPECIES OF CAMPONOTUS 
(COLOBOPSIS) FROM THE FIJI ISLANDS 


WILLIAM MorTON WHEELER, 
Harvard University 


In a recent paper! on some Fijian Formicidae, Dr. F. 
Santschi describes and figures a remarkable ant as Camponotus 
bryant and makes it the type of a new subgenus, Condylomyrma. 
Concerning its affinities he remarks that ‘‘it seems to be near 
the subgenus Karavaievia Emery but differs mainly in its 
petiole and perhaps in dimorphism, if this should be established 





Fig. 1. Camponotus (Colobopsis) bryani Santschi; a, worker in profile; b, head, 
dorsal aspect; c, mandibles and clypeus, anterior aspect; d, thorax and petiole, 
dorsal aspect. (After F. Santschi.) 


eventually. In the latter case, Camponotus dentatus Mayr 
should be added to Condylomyrma.”’ The very striking appear- 
ance of the insect is clearly shown in Santschi’s figure, which 
is here reproduced (Fig. 1). I find that the large amount of 
material collected by Dr. W. M. Mann on his expedition to 
the Fiji Islands in, 1915-’16 and in part most generously 
deposited in my collection and in that of the Museum of 
Comparative Zoology, makes it possible to give a more satis- 


'Fourmis des iles Fiji, Rev. Suisse Zool. 35, 1928, pp. 67-74, 2 figs. 
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factory interpretation of the affinities of C. bryani than that 
advanced by Santschi. The key to these affinities proves to 
be C. (Colobopsis) dentatus. My discussion is therefore best 
introduced by a brief account of this species. 

Mayr described and figured C. dentatus as long ago as 
1866? from a minor worker taken on the island of Ovalau, 
but little was known of the species till Mann collected numerous 
specimens from no less than fourteen localities on seven of the 
Fijian islands and described the four castes.? During January 
1932 I also took specimens of dentatus at Suva, running on 
tree-trunks. As Mann says, ‘‘C. dentatus is not confined to 
the forests, but lives also among scrubby vegetation near the 
coasts or in cultivated districts.’ Like other species of Colo- 
bopsis it undoubtedly nests in the dead twigs or wood of 
standing trees. Mann’s figures of the soldier (worker major) 
and worker (worker minor) are here reproduced as Fig. 2. 
C. dentatus exhibits not only this very pronounced dimorphism 
of its worker castes—a condition common to most species of 
Colobopsis—but also peculiar differences in their sculpture since 
the soldier has the posterior portion of the head and the whole 
thorax smooth and shining, whereas these parts in the worker 
are subopaque and rugose. Furthermore, specimens from 
different localities display considerable variation in the shape 
of the thorax and petiole, in sculpture and coloration, so that 
dentatus, which is so common and widely distributed over the 
Fiji Islands, may be said to constitute a ‘‘Formenkreis’’ or 
congeries of forms of the same phylogenetic origin. Among 
the material before me it is possible to recognize several races 
or varieties, some of which are indicated in Fig. 3. The 
workers of one of the more extreme forms (Fig. 3, g and h), from 
Nadarivatu, on Viti Levu Island differ from all the others in 
having the pronotum distinctly subcordate anteriorly, rising 
so steeply in front as to overhang the neck, with the humeri 
large, expanded and submarginate, on their dorsal surfaces 
with subtriangular foveae, and with the sides straight and 
converging posteriorly. The epinotum has long, spatulate, 
subparallel and somewhat deflected spines. This form may be 
designated as subsp. humeralis subsp. nov. I have not seen 


*Sitzungsb. Akad. Wiss. Wien 53, 1866, p. 493, Fig. 5. 
’The Ants of the Fiji Islands. Bull. Mus. Comp. Zool. 64, 1921, pp.401-499, 
38 figs. 
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specimens of the soldier. It will be noticed, incidentally, that 
the worker of one of the other forms (Fig. 3 e) shows a distinct 
approach in the shape of the mesoépinotal impression and 
base of the epinotum to C. bryant. I shall return in the sequel 
to some of the variations in the soldiers. 

Now on examining series of dentatus given me by Dr. Mann 
in 1916 and others which he sent me very recently, I find two 
forms, one represented by three workers, the other by two 





Fig. 2. Camponotus (Colobopsis) dentatus Mayr. A, soldier, in profile; 5, head, 
dorsal aspect; c, thorax and petiole of worker in profile. (After W. M. Mann.) 


workers and a male, which are very similar to Santschi’s 
bryant, but with equally pronounced similarities to dentatus. 
In fact, their resemblance to the latter in size, color and sculpture 
is so close that Mann and I had quite overlooked them among 
the dentatus series in our collections. I describe and figure 
(Fig. 4) one of these annectant forms below as manni sp. nov., 
the other as its subspecies uwmbratilis. There can be no doubt 
that these forms as well as bryani have soldier castes very 
similar to that of dentatus, but, unfortunately, they are either 
not represented in our series or are so much like the dentatus 
soldiers as not to be distinguishable. The dentatus Formen- 
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kreis, therefore, so far as known, consists of a number of 
varieties and subspecies and at least two forms, bryani and 
manni, which have deviated so far from the type and lesser 
races as to seem deserving of specific rank. 


Camponotus (Colobopsis) manni sp. nov. 
(Fig. 4, a, c, h) 


W orker.—Length, 3-4 mm. 

Head precisely like that of the worker dentatus, as broad or very 
nearly as broad as long, distinctly narrower in front than behind, convex 
dorsally and ventrally, with feebly rounded sides and distinctly convex 
posterior border. Mandibles small and narrow, 5-toothed. Clypeus 
moderately convex, with distinct median and lateral portions, the 
former transversely elliptical, nearly twice as broad as long, the latter 
minute and triangular. Eyes rather small and round, moderately 
convex. Frontal carinae prominent, feebly sinuate, diverging poster- 
iorly; frontal area and groove obsolete. Antennal scapes curved at 
the base, thickened at their tips which extend about one-fourth their 
length beyond the posterior border of the head. Pro- and mesonotum 
as in dentatus, the pronotum very broad, broader than long, rising 
rather abruptly from the neck, somewhat depressed above, obscurely 
submarginate on the sides. Promesonotal suture strong, impressed, 
arcuate; mesonotum much smaller than the pronotum, subelliptical, 
somewhat broader than long; mesoépinotal suture distinct, but much 
less pronounced than the promesonotal; mesoépinotal impression large 
and selliform, like that of bryani but somewhat shorter and shallower. 
Metanotal spiracles large, on distinct tubercles which project dorsally 
above the impression. Epinotum longer than broad, its base concave 
in the middle, terminating posteriorly in two slender, subparallel, 
somewhat spatulate and posteriorly converging spines, which are 
directed backward and in some specimens slightly upward; in profile 
the base of the epinotum seems to slope upward and backward, owing 
to the development on each side of two somewhat overlapping welts 
or thick marginations, the more posterior of which is continued along 
the lateral border of the spine of the same side; epinotal declivity very 
abrupt, almost semicircularly concave in profile; metasternal angles 
rectangular. Petiole elongate, with very distinct anterior peduncle; 
node subcuboidal, somewhat longer than broad, longer than high; 
in profile with straight, perpendicular anterior and posterior surfaces 
and anteroposteriorly concave dorsal surface; from above somewhat 
broader in front than behind, with the sides concave and the dorsal 
surface strongly marginate anteriorly, laterally and posteriorly. The 
anterior margination forms a pair of low, rounded lobes, the posterior 
corners are prolonged as a pair of straight, tapering, blunt-tipped spines, 
which are about half as long as the height of the node and are directed 
upward, backward and outward. Posterior peduncle of petiole very 
long, but distinctly shorter than in bryani, only about half as long as 
the node. Petiolar spiracles large, tuberculate, projecting laterally. 
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Gaster and legs as in the worker of dentatus, the former much larger 
than the head, with small anterior condyle, the latter rather stout; 
fore femora somewhat enlarged. 

Head, pro- and mesonotum subopaque; the mandibles, clypeus, 
head, pro- and mesonotum longitudinally and rather irregularly rugose; 
the rugae moderately coarse, anteriorly converging on the clypeus, 
becoming distinctly reticulate only on the extreme occiput, those on 
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Fig. 3. Various forms of Camponotus (Colobopsis) dentatus Mayr; a, thorax and 
petiole of soldier; b, of worker, and c, dorsal profile of thorax of latter from 
specimens from Nagasau, Fiji; d, dorsal profile of worker from Ovalau; e, of 
worker from Laruka; f, epinotum and petiole, dorsal aspect, of soldier from 
Somo Somo; g, dorsal aspect of thorax and petiole of worker of subsp. 
humeralis subsp. nov. from Nadarivatu; A, dorsal profile of thorax of same. 


the pronotum coarser than on the head; on the mesonotum finer and 
vermiculate-reticulate; mesopleurae, epinotum, petiole, gaster and legs 
much more shining; mesopleurae and sides of epinotum coarsely and 
obliquely rugose; base of epinotum very loosely and irregularly rugulose, 
declivity, petiole and gaster smooth. Antennal scapes opaque, finely 
and densely granular; legs shagreened and sparsely punctate; gaster 
very smooth and shining, sparsely and indistinctly punctulate. 
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Hairs and pubescence white, the former even sparser than in bryant, 
distinct only on the ventral surface of the petiole and gaster, mandibles 
and anterior border of clypeus; the pubescence short and appressed, 
sparse on the legs, very dilute on the gaster, fine and dense on the 
funiculi. 

Head and gaster black; posterior borders of gastric segments yellow- 
ish; mandibles, clypeus, anterior borders of cheeks, thorax and petiole 
red; antennae and legs slightly paler and more yellowish, tips of funiculi 
infuscated. 


Described from three workers taken by Dr. Mann at Somo 
Somo, Taviuni Island, in my collection and one in the collection 
of the Museum of Comparative Zoology. One of these (Fig. 
4 h) is peculiar in possessing a pair of large, irregular tubercles 
on the anterior surface of the base of the epinotum so that 
the profile outline of this region is much more like that of 
C. bryani. Apart from this exception, manni differs from 
bryant in the very different shape of the epinotal base, the 
shorter and somewhat shallower mesoépinotal impression, the 
distinct anterior and much shorter posterior peduncle of the 
petiole, the distinct anterodorsal lobes and shorter spines of 
the node, the much smaller condyle of the gaster and much 
larger size of the latter. There are also differences in sculpture 
and color as indicated in the description. 


Camponotus (Colobopsis) manni subsp. umbratilis subsp. nov. 
(Fig. 4, d and e) 


W orker.—Length, 3.5 mm. 

Differing from the typical manni in sculpture and coloration. 
Head, pro- and mesonotum more shining, reticulately rugulose, the 
rugae finer and more irregular than in bryani, longitudinal only between 
the frontal carinae and on the posterior portion of the pronotum. 
Gular surface of head smooth and shining. Antennae, femora and 
tibiae dark brown; lower pleurae, coxae and ventral surface of petiole 
blackish. The spines and posterior peduncle of the petiole are of 
the same length as in mannii. 

Male.—Length, 4.4 mm. 

Indistinguishable in form, sculpture and color from the male of 
dentatus, except in the shape of the petiole (Fig. 4, d and e), which is 
cylindrical and without trace of a node, with straight horizontal dorsal 
surface; from above decidedly broader in front than behind, with 
each of the anterior corners produced as a rounded tubercle, bearing 
the spiracle on its summit. In typical dentatus the petiole (Fig. 4, 
f and g) is thicker, convex above, less widened anteriorly and with the 
spiracles on the anterolateral surfaces. 
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Described from five workers and a male from Nadarivatu, 
on Viti Levu Island (W. M. Mann). Three of the workers 
are in the Museum of Comparative Zoology. In sculpture 
and color this subspecies shows a distinct approach to C. 
bryant, which was also taken on Viti Levu (at Golo-i-Sova, 
by E. H. Bryan). 

Admitting, as I believe we must, that C. dentatus, humeralis, 
manni, umbratilis, bryant and no doubt several other forms 
yet to be discovered in the Fiji Islands are all closely related 
members of a single Formenkreis, the question arises as to 
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Fig. 4. Camponotus (Colobopsis) manni sp. nov.; a, worker from Somo Somo in 
profile; b, head of same, dorsal aspect; c, thorax and petiole of same, dorsal 
aspect; d, petiole of male of manni subsp. umbratilis subsp. nov., from Nada- 
rivatu, dorsal view; e, same in profile; f and g, corresponding views of petiole 
of male C. dentatus; h, thorax in profile of a worker variant of C. manni from 
same colony as a. 


whether we should retain them in Mayr’s subgenus Colobopsis 
or follow Santschi in isolating them as an independent sub- 
genus, Campylomyrma. We might readily decide in favor of 
the latter alternative, were it not for certain morphological 
considerations and a certain taxonomic policy which has been 
pursued hitherto in the progressive splitting of huge genera 
like Camponotus into subgenera. The practical advantages 
of subgeneric isolation of the small dentatus Formenkreis are 
slight and would be more than offset, perhaps, by the dis- 
advantages of detaching these ants from their very close allies 
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in the old subgenus Colobopsis. This becomes clearer when 
we examine Santschi’s diagnosis of Campylomyrma. Of the 
various characters which he assigns to this subgenus only one, 
the presence of paired spines on the epinotum and petiole, 
seems to be important, and if the unknown soldier, which 
must be very similar to that of dentatus is taken into con- 
sideration, this character loses much of its significance. Since, 
in the past, subgenera of Camponotus have been based by 
tacit convention on the characters of the major or maxima 
worker (soldier) and not on those of the minor, we may glance 
for a moment at the conditions in C. dentatus. In typical 
soldiers of this species from Ovalau (Fig. 2 a,) the epinotum 
is not bispinose as in the worker but only bidentate and the 
petiolar node is only feebly bilobed behind. In the female 
even these teeth and lobes are absent. There may be a con- 
siderable farther reduction of these structures in the soldier 
also, as in the one from Somo Somo (Fig. 3 f), where the 
epinotal teeth are represented by slight lateral protuberances 
and the petiole has only a vestige of lobulation. I submit 
that such characters can hardly be regarded as having even 
subgeneric value. 

Emery, in the Genera Insectorum (1925), assigned C. 
dentatus to the fourth of his five groups (‘‘dentatus group’’) 
of Colobopsis, including also C. guppy: Mann of the Solomon 
Islands and C. aurelianus Forel of Sumatra, and he seems 
to have based this group not only on the epinotal dentition of 
the soldier but also on the character of the cephalic truncation, 
which is indeed less pronounced than in many species of 
Colobopsis. This character varies greatly, however, in the 
subgenus, even in the first of his groups which includes the 
type, C. truncatus Spinola. He certainly did not consider his 
various groups sufficiently differentiated to merit subgeneric 
names. His long and arduous study of the huge genus 
Camponotus, which comprises more than a thousand forms, 
and his desire to express the true phylogenetic affinities in his 
subgeneric and group divisions, led him to proceed with great 
caution. I have been deeply impressed by this laudable 
quality of his work while I was undertaking a revision of another 
subgenus of Camponotus, namely Myrmocladoecus Wheeler, 
which presents the problem I have been discussing even more 
explicitly than the subgenus Colobopsis. 
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Myrmocladoecus contains some fourteen species, confined 
to tropical America and nesting, like Colobopsis, in hollow 
stems and twigs. The workers are not strongly dimorphic 
as in Colobopsis but pleomorphic, as in most of the other 
subgenera of Camponotus, that is, with mediae or intermediate 
forms connecting the extreme maximae and minimae. But 
the smallest workers of the various species of the subgenus 
Myrmocladoecus show an extraordinary range of structure, 





Fig. 5. Camponotus (Myrmocladoecus) corniculatus sp. nov. of British Guiana; 
a, worker maxima in profile; 5, head of same, dorsal aspect; c, thorax and 
petiole of same, dorsal aspect; d, worker minima in profile; e, head of same, 
dorsal aspect; f, thorax and petiole of same, dorsal aspect. 


from forms with the thorax and petiole not very unlike those 
of the usual Camponotus type to forms that bear a striking 
resemblance to Colobopsis bryani. The fourteen known species 
may, in fact, be arranged in a series, beginning with planus 
F. Smith, ¢ripartitus Mayr, hedwigae Forel and rectangularis 
Emery, which depart from the usual Camponotus type only 
in the sharp margination of the sides of the thoracic dorsum 
and in some cases also of the posterior border of the base of 
the epinotum. In these species the petiole is still of the usual 
squamiform Camponotus structure. In the next portion of 
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the series, including /atangulus Roger, bispinosus Mayr, dalmast 
Forel, mucronatus Emery, bidens Mayr and sanctaefide: Dalla 
Torre, the posterior border of the epinotum becomes bilobed, 
bidentate or bispinous and the petiolar scale exhibits a peculiar 
‘‘morphological restlessness,’’ becoming thick and nodiform and 
in some of the species flattened above or furnished with a median 
spine or lateral teeth. The series terminates with a group 
comprising callistus Emery, raphaelis Forel, hippocrepis Emery 
and corniculatus Wheeler (MS) (Fig. 5), in which the meso- 
épinotal impression is very deep and rounded, with protruding, 
tubular spiracles and the petiole further modified in the 
direction suggested by sanctae-fidet. 

The largest workers of the various species in the Myrmo- 
cladoecus series also exhibit a graduated parallel development 
in the form of the soldier’s head, which in planus and rectangu- 
laris, for example, is of the ordinary Camponotus type, to 
conformations like those of sanctaefidei, callistus and corni- 
culatus (Fig..5 b) in which it strongly suggests certain species 
of Colobopsis and allied subgenera. This tendency to acquire 
a truncated front like that of the Colobopsis soldier is obviously 
an independent development within the Myrmocladoecus series 
in adaptation to increasingly phragmotic habits, or the guarding 
of narrow, tubular nest-galleries. It emerges again and again 
in very distantly related genera and even subfamilies of ants. 
Now even a moderate ‘‘splitter’’ might be inclined to resolve 
Myrmocladoecus into three small subgenera of four to six 
species each, but should he undertake this task he would 
encounter great difficulties in defining the subgeneric bound- 
aries, he would incur the risk of dissociating what is obviously 
a single phylogenetic complex or series, and his gains would 
not be notable. I believe, therefore, that the cautious myr- 
mecologist will refrain from dividing the subgenus into several 
subgenera. But supposing that only a few species of Myr- 
mocladoecus were known, say rectangularis and latangulus, and 
that I were presented with a few small workers of corniculatus, 
I should be tempted, and would probably yield to the tempta- 
tion, to make it the type of a new subgenus. This is what 
has happened to my distinguished friend Dr. Santschi in a 
precisely analogous situation, since he has yielded to the 
temptation to found a subgenus on an aberrant minor worker 
suprisingly like the same caste of corniculatus and belonging 
to a small and imperfectly known group of Fijian Colobopsis. 
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METATHETELY IN LARVAE OF THE CONFUSED FLOUR 
BEETLE (TRIBOLIUM CONFUSUM DUVAL)'? 


R. H. NAGEL, 
St. Paul, Minnesota 


Several larvae with wing rudiments were observed in the 
course of experiments with the effects of low temperatures on 
the various stages of the confused flour beetle, Tribolium 
confusum Duval. These metathetelous larvae were similar to 
those described, but not figured, by Chapman (1926), who 
seems to have been the only other worker to report the 
phenomenon for this species. He produced modifications in 
the anatomical structures of the larvae of the last instar by 
exposing them to the peculiar gas given off by the adult 
beetles. The form of the mouthparts and legs was changed 
and wing pads were present. Pupae, similarly exposed, pro- 
duced deformed adults. Chapman believed that the gas acted 
as an inhibitor of metamorphosis. 

Pruthi (1924) observed monstrosities in larvae of Tenebrio 
molitor Linn. which he believed to be the result of the retarded 
development of larvae kept at temperatures too high or too 
low for normal development, or the result of the direct action 
of those temperatures. Dawson (1931) suspected subnormal 
temperatures as being the cause in the two cases of metathetely 
among his larvae of Telea polyphemus Cramer. Low temper- 
atures have been reported as the cause of similar abnormalities 
in other species of insects. 

The literature on the subject of abnormal larval forms 
has been adequately reviewed recently by Thomas (1933), 
hence no mention is made here of any but the most relevant 
references. 

The writer, after exposing large numbers of Tribolium 
confusum of all stages to different low temperatures, observed 
on several occasions wing pads on larvae of the last instar. 
Because the larvae had in no case been exposed to the gas from 
the adults, it was believed that the abnormalities were pro- 
duced by low temperatures. 


‘Contribution from the Division of Entomology and Economic Zoology. 
*Published as Paper No. 1,216 of the Scientific Journal Series of the Minnesota 
Agricultural Experiment Station. 
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FIG. 5 : FIG. 4 


Fic. 1. Normal larva of Tribolium confusum. 
Fics. 2-4. Metathetelous individuals. 


Fic. 5. Normal pupa. 
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Further experiments at 12°, 7°, and —18° C. gave negative 
I 


results. Out of 21 experiments, of 50 larvae each, exposed 
for different periods of time at —12° C. only one winged larva 
was produced, and that at an exposure of only 19 minutes. 
The results for exposures at —6°C., however, were very 
different. From a total of 19 experiments, each of 50 larvae, 
52 abnormal specimens were obtained. Exposures at —6° C. 
ranging from one to six hours duration produced the greatest 
number. In larvae younger than those of the last instar no 
striking abnormalities were observed, such as were found being 
confined to the legs and thoracic segments. Of the 52 monsters 
produced at —6°C. no two individuals possessed the same 
deformities. The wing pads, which all bore to greater or less 
degree, varied all the way from just slightly noticeable lateral 
projections to well formed wing pads, such as are possessed 
normally by the pupae. 

The various modifications involved are illustrated in the 
accompanying figures. Figures 1 and 5 show, respectively, 
the dorsal aspects of a normal larva of the last instar and a 
normal pupa for comparison with the abnormal forms. Figure 
2, the dorsal aspect of the anterior end of one specimen, is a 
form intermediate between the normal larva and the specimen 
shown in Figure 3. The latter appears to be about midway 
between the normal larva of the last instar and the pupa. 
The individual shown in Figure 2 has no other apparent modi- 
fications than the lateral wing projections. The larva in 
Figure 3 not only possesses more fully developed wing pads 
than does the one in Figure 2, but, in addition, has modified 
antennae, mouthparts, and legs. The left antenna is normal 
except for the scape. The right one is very much enlarged, 
more or less club-shaped, with only two apparent segments, 
the distal one having the appearance of many closely united 
segments. The legs are of particular interest, the right one 
of the first pair being nearly pupal, while the left is distinctly 
larval. The second pair of legs are larval, whereas the last 
pair is more nearly pupal than is the right leg of the first pair. 

The monster shown in Figure + is intermediate between 
the one shown in Figure 3 and the normal pupa. The wing 
pads more closely resemble those of the pupa. In this par- 
ticular case the antennae are neither pupal nor larval, and 
happen to be alike in size and shape—a condition which is 
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rare for the antennae of the freaks studied. All three pairs 
of legs compare very closely in form and size to the legs of a 
normal pupa. 
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BOOK NOTICE 


THE FAMILIES AND GENERA OF NORTH AMERICAN DIPTERA, by 
C. H. CurRAN. pp. 1-512, frontispiece, one colored plate and 2,000 text 
figures. Published by C. H. Curran, distributed by John D. Sherman, Jr., 
132 Primrose Ave., Mount Vernon, New York. Price, $7.50 net in U. S., 
$8.00 foreign. 

This volume takes the place of the long-wished-for revision of Williston’s 
Manual of North American Diptera. It has been sponsored by a group of New 
York entomologists including John D. Sherman, Jr. and those on the staff of the 
American Museum of Natural History. The Museum gave Curran opportunity 
to work on the project while Sherman has guided its publication and distribution. 
American entomologists are grateful to the author and his backers. 

The book opens with that charming portrait of Williston in his Doctor’s 
gown. The one colored plate is exceptionally well done. The two thousand text 
figures follow the style in Williston’s Manual, as do the systematic text and keys to 
families and genera. Thus the greater part of the volume consists of keys and well 
executed illustrations. Curran is responsible for the whole volume except the part 
on Tipuloidea, which was written by Professor C. P. Alexander. Each family is 
introduced with from one to three pages of notes on the biology of the species 
included. Occasionally descriptions of new genera are appended to the matter 
on a family. 

Added to the text is some interesting and valuable collateral material, an 
Introduction of twelve pages concerning Diptera in general and at the end of the 
text a Glossary of Terms of fourteen pages which includes illustrations of anatom- 
ical parts. The latter is something we have needed for some time. 

The Index of sixteen pages (six point type) is to families and genera and takes 
care of family and generic synonymy. At the foot of nearly every page are foot- 
note references to important items of dipterological literature especially to papers 
giving keys to species. 

Thus the organization of the material is superb. We always vote for 
systematic literature which is amply illustrated. A volume of such compre- 
hensiveness cannot be without some errors of judgment in value of names and in 
the matter of keys, but for the sake of the author and the students using the work 
we hope these will be found to be few and far between. 

Just recently have passed some of our leading Dipterists, Hine, Johnson, 
Aldrich and M. C. Van Duzee. As always with the appearance of a compre- 
hensive work of this type young students will spring up, among whom will appear 
those who will later become leaders in dipterology. Probably the greatest value 
of Curran’s work will come from the renewed vitality infused into the science 
of dipterology in this country.—C. H. K. 
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STUDIES ON THE METAMORPHOSIS OF THE 
JAPANESE BEETLE (POPILLIA 
JAPONICA NEWMAN) 


II. CHANGES IN THE pH OF THE BLOOD' 


DANIEL LuDWIG, 


Department of Biology, University College, 
New York University, New York City 


Bishop (1923a), by means of an electrometric method, 
studied the pH of the blood of the honey-bee larva and found 
it to vary from 6.77 to 6.95 with an average of 6.83. In larvae 
which were spinning, he noted an increased acidity, the pH 
ranging from 6.60 to 6.65. At the conclusion of spinning, the 
pH rises to its former value in the larva. He suggested that 
the increase in acidity may be one of the factors causing 
autolysis of larval tissues. In another paper, Bishop (1923b) 
reported the effects of acidity on the rate of autolysis of the 
fat body of the bee, in vitro. He found that in unbuffered 
solutions, both larval and pupal fat-body tissue autolyzes 
readily, but the tissue of the pupa to a greater extent than 
that of the larva. When the mixtures were buffered, the 
more acid mixtures autolyzed more completely. He con- 
cluded that, in vitro, the differences in rate and extent of 
autolysis of tissue from different stages are due to differences 
in the acidity of the autolysate. This suggests that the increase 
in acidity observed during spinning is favorable to the auto- 
lysis of larval tissue. Fink (1925) made colorimetric determi- 
nations on the blood of several species of Coleoptera and Lepidop- 
tera, at different stages of metamorphosis, and observed a 
change from a neutral to an acid reaction (pH 6.8 to 5.9) to 
take place during the prepupal and early pupal development, 
and the reverse change to occur as metamorphosis is com- 
pleted. Taylor and Birnie (1932), using a glass electrode, 
also demonstrated an increase in the acidity of the bee moth, 
Galleria mellonella, during metamorphosis. The pH values 
ranged from 5.53 to 6.68 for the prepupae and pupae, and the 
pH curve was of the U-type. 


‘Part I of this series, Weight and Metabolism Changes, was published in the 
Journal of Experimental Zoology, 60: 309-323, 1931. 
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On the other hand, Glaser (1925) was unable to demonstrate 
any correlation between pH of the blood and age or between 
pH and metamorphosis. His readings were made on the 
larvae, pupae and adults of the tent caterpillar, Malacosoma 
americana, the silk worm, Bombyx mori, and the house fly, 
Musca domestica. Brecher (1925), by means of electrometric 
methods, found that the pH of the blood of larvae and pupae 
of the butterfly, Pieris brassicae, ranged from 6.50 to 6.77, 
with an average of 6.6. She found no changes occurring 
during metamorphosis. 

In view of the detailed physiological data which are being 
collected on the Japanese beetle during metamorphosis, it was 
thought desirable to determine whether changes in pH occur 
in this species, and if possible, to interpret them in terms of 
other changes previously reported (Ludwig 1931). 


MATERIAL AND METHODS 


The Japanese beetles used in these experiments were collected in the 
field during the winter months of 1932-33. They were obtained from 
Doctor Henry Fox of the Japanese Beetle Laboratory, Moorestown, 
New Jersey. When received they were placed in individual, one- 
ounce salve boxes containing moist soil. Several grains of wheat were 
added to each box, once or twice a week, to serve as food for the 
larvae. Humidity was maintained approximately constant, near the 
point of saturation, by the addition of tap water to the soil. Through- 
out the course of the experiment, the larvae were kept in an incubator 
at approximately 25° C. 

Readings on the H-ion concentration of the blood were made on 
the third-instar larva, the early prepupa, the late prepupa, and pupae 
of known ages at 25°C. Readings on the time of pupation were made 
at approximately the same time each day so that the age of each pupa 
was known to within 24 hours. The change from the larva to the 
prepupa occurs so gradually that it is extremely difficult to tell when 
an individual is a larva and when it becomes a prepupa. As ina previous 
study (Ludwig 1931), the individual is called an early prepupa when 
it has eliminated all fecal material from its intestine and, as a result, 
its entire body becomes creamy white in color. The late prepupa is 
characterized by pronounced histolysis as evidenced by the degenera- 
tion of the legs and mouth parts and the shrinking of the body within 
the larval skin. 

Blood was obtained by cutting the tip of a methathoracic leg. 
In the late prepupa, it was sometimes necessary to puncture the tip 
of the abdomen to get a sufficient quantity of blood. No comparable 
readings were made on the adult beetle because of technical difficulties 
in obtaining a sufficiently large sample of blood. Several readings, 
however, were made on a fluid obtained by decapitating the beetle. 
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Readings were made with the hydrogen micro-electrode and micro- 
vessel described by Bodine and Fink (1925). In place of the saturated 
KCl bridge used by these authors, an agar-KCl bridge was used to 
prevent an exchange of fluid between the electrode vessel and the 
bridge. The electrode assembly was standardized by means of a 
standard acetate buffer solution of pH 4.63. It was also checked at 
frequent intervals, while readings were being made, with the same 
solution. The assembly was found to be accurate to within 0.05 of 
a pH unit. 


RESULTS 

A list of the pH values obtained for the various stages of metamor- 
phosis is given in Table I. Every reading obtained during the course 
of the experiment is included in the table, and with few exceptions, 
each figure given is an average of two or three readings on a single 
individual. Usually it was not possible to make more than one set 
of readings on any individual, except in the larval and early prepupal 
stages. Hence, the readings listed in the different columns of Table I 
were, in most cases, made on different beetles. The table shows that 
there is a considerable amount of variation in the pH readings obtained 
at any stage of metamorphosis. For the third-instar larva, they 
ranged from 6.66 to 7.36; for the late prepupa, from 6.33 to 7.13; and 
for the pupa, from 6.23 to 7.23. Table I also shows that there is a 
change toward a more acid condition (7.07 to 6.79) as metamorphosis 
proceeds from the larval and early prepupal stages to the late prepupal 
stage. After pupation, the pH is again increased to 6.94. It remains 
approximately constant thoughout the pupal stage. A few readings 
made on adult beetle indicates no significant change from those recorded 
for the pupa. 

Table II contains a statistical treatment of the pH values obtained 
for the various stages of metamorphosis. The table shows that the 
changes to a more acid condition during the late prepupal stage and 
to a more alkaline condition after pupation are statistically significant. 


DISCUSSION 


The pH values recorded in Table I correspond very closely to those 
previously obtained for the Japanese beetle. Fink (1925) found a 
pH of 7.1 for the egg, and Bodine and Fink (1925), a pH of 7.30 for 
an individual third-instar larva. They are also in the range of pH 
values obtained by many other investigators for insect blood. (Jame- 
son and Atkins, 1921; Bishop, 1923a; Glaser, 1925; Fink, 1925; Bodine, 
1925 and 1926; Brecher, 1925; Heller and Moklowska, 1930; Taylor 
and Birnie, 1932.) 

Ludwig (1931) demonstrated that metamorphosis of the Japanese 
beetle from the third instar to the prepupa is characterized by a loss 
of weight, loss of water, a decrease in the rate of respiratory metabolism, 
and a decrease in respiratory quotient. These changes begin before 
any external signs of metamorphosis are visible. They indicate that, 
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although no significant change in pH has occurred in the early pre- 
pupa, internal metamorphosis has already been in progress for some 
time. This observation suggests that the increase in acidity accompany- 
ing metamorphosis is not a causative factor in the autolysis of larval 
tissue as is suggested by Bishop (1923, a and b) for the honey bee. 
It seems likely that, since the late prepupa is characterized by pro- 
nounced autolysis, its more acid condition is the result, rather than 
the cause, of the breakdown of larval tissues. The increase in acidity 
may, as Bishop (1923b) has shown, facilitate the process of autolysis 
already in progress. 


TABLE II 


PROBABLE SIGNIFICANCE BETWEEN THE MEAN PH READINGS OF THE BLOopD 
DuRING DIFFERENT STAGES OF METAMORPHOSIS 


DIFFERENCE 








| 
Differences — | es 

Stages Compared Between othe Probable 
Means Dal ae Error 
ifference of the 

Difference 
3rd-instar larva and early prepupa..... .07 042 1.6 
3rd-instar larva and late prepupa...... .28 038 7.3 
3rd-instar larva and pupa just molted 13 .034 3.6 
3rd-instar larva and pupa one day old 10 032 3.1 
Early prepupa and late prepupa 5 21 046 4.5 
Late prepupa and pupa just molted 15 038 3.9 
Late prepupa and pupa one day old 18 037 4.8 


Helff (1932) obtained an increase in acidity during the metamor- 
phosis of tadpoles of Rana clamitans. It is interesting to note that 
the change he found (0.3 of a pH unit) is of the same magnitude as 
that found in the present experiments on the Japanese beetle. It 
seems likely that increase in acidity is a process which generally accom- 
panies metamorphic changes, especially when they involve the autolysis 
of considerable amounts of larval tissue. 


SUMMARY 


1. During the metamorphosis of the Japanese beetle, there 
is a change in the pH of the blood from an average of 7.07 in 
the third-instar larva to an average of 6.79 in the late prepupa. 
Pupation is accompanied by a change to a more alkaline con- 
dition, the mean pH of the early pupa being 6.94. No sig- 
nificant changes were recorded during the pupal stage. 

2. Since the late prepupa is the first stage showing an 
increase in acidity, and since this stage is characterized by 
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pronounced autolysis, it is suggested that the more acid con- 
dition is a result of these autolytic changes. 
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SADR PTO 


OBSERVATIONS ON THE BIOLOGY OF MICROBRACON 
PYGMAEUS (PROV.), AN IMPORTANT PARASITE 
OF COLEOPHORA PRUNIELLA CL.' 


MeEtviIn H. DoNnER, 


University of Wisconsin 


Microbracon pygmaeus Provancher, an ectoparasite of the 
mature larva of the Cherry Case-Bearer (Coleophora pruniella 
Cl.) has been known to taxonomists since 1880. Although a 
parasite of common and widespread occurrence no accounts 
of its biology appear to have been published. The parasite 
was first observed in Door County in 1930, however, the 
observations on which this paper is based were begun in the 
spring of 1931 and continued during the subsequent two 
seasons. The studies were conducted at the University of 
Wisconsin Peninsular Branch Experiment Station at Sturgeon 
Bay, Door County, Wisconsin. 

The Cherry Case-Bearer is a native of the American con- 
tinent, having been first reared from wild cherry. During the 
last few years, however, it has come to be regarded as a major 
insect pest of apple and cherry in the Door County Peninsula, 
Wisconsin, as well as in Michigan and certain sections of 
Canada. 

While studying the biology and natural enemies of this 
insect, a total of 32 species of parasites were reared, four species 
belonging to the Ichneumonoidea and twenty-eight to the 
Chalcidoidea. Of these Muicrobracon pygmaeus Prov. was 
unquestionably the most important natural factor in limiting 
the numbers of this pest in Door County. 


DISTRIBUTION, HOSTS AND SYNONOMY 


So far as is known its hosts include only members of the genus 
Coleophora. Dr. Harold Morrison of the U. S. Bureau of Entomology 
has kindly furnished me a list of the hosts from which this species has 

‘Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Contribution from the Department of Economic Entomology. 

This paper has been prepared from data secured during a study of the parasites 
of the Cherry Case-Bearer in Door County, Wisconsin, and permission for publica- 
tion was given by Prof. H. F. Wilson, under whose direction the studies were 
made. The writer wishes to express his appreciation to Prof. Wilson and Dr. 
C. L. Fluke for their kindness during the work and in the preparation of the 
manuscript, and to Mr. J. H. Lilly for assistance in collecting material. 
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been reared, as extracted from the host-parasite file of the Bureau, 
which are as follows: 


Host SPECIES LOCALITY REPORTED B\ 
Coleophora innotabilis Brn Ontario, Canada Walley. 
Coleophora leucochrysella Cl Virginia Muesebeck. 
Coleophora malivorella Riley West Virginia Gould. 
Coleophora pruniella Cl Quebec, Canada Petch & Armstrong. 
Coleophora pruniella Cl Ontario, Canada Walley. 
Coleophora volckei Heinrich Washington, D. C Muesebeck. 
Coleophora volckei Heinrich...... California Muesebeck. 
Coleophora sp. on Amaranthus Washington, D. C Muesebeck. 
Coleophora sp......... eins Maine Johnson. 


M. pygmaeus has also been reported from Maryland, Florida, 
Massachusetts, Indiana, Illinois, Iowa and Kansas. 


IDENTITY OF THE SPECIES 


M. pygmaeus belongs to the hymenopterous superfamily Ichneu- 
monoidea, family Braconidae (Vipionidae, Viereck 1916) and sub- 
family Vipiinae. 

The synonomy of M. pygmaeus has been arranged by Muesebeck 
(4) as follows: 


Bracon pygmaeus Prov. Natural. Canada, 12, 1888, p. 144. 

Bracon junct Ashmead. Proc. U.S. Nat. Mus., 1889 (1888), 11: 619. 

Bracon trifolii Ashmead. Proc. U. S. Nat. Mus., 1889 (1888), 11: 622. 

Bracon kansensis Viereck. Trans. Kan. Acad. Sci., 1905 (1903-04), 19: 268. 

Microbracon coleophorae Rohwer. Proc. U.S. Nat. Mus., 1915, 49: 231. 

Microbracon massassoit Viereck. Bul. 22, Conn. Geol. & Nat. Hist. Survey, 1917 
1916), pp. 205 and 207. 


The Egg—rThe newly laid egg is from 0.606 mm. to 0.648 mm. 
in length and from 0.159 to 0.170 mm. in diameter. The shape is 
elongate-ovate, and is slightly arched, tapering gradually from the 
anterior to the posterior end, the pointed end directed downwards 
in the ovary. The color is yellow, the chorion devoid of any markings 
or prominences of any kind. Prior to eclosion the movements of the 
embryo can be plainiy discerned through the chorion. 

The Larva.—The mature larva is yellow in color with the body 
contents showing slightly darker. The general shape is elliptical taper- 
ing bluntly to either extremity. Viewed laterally the larva is crescent- 
shaped, the lateral folds not greatly developed. The partly con- 
tracted head, which is concolorous with the body save for the darker, 
chitinized mandibles, is followed by thirteen well-defined segments. 
Viewed under the low power of the microscope, the cuticle is closely 
set with numerous, minute, dark spines. 

The average dimensions are: length, 4.50 mm.; width, 1.30 mm.; 
width of head, 0.552 mm.; length of chitinous tips of mandibles, 
0.0851 mm. 

The Prepupa and Pupa.—tThe prepupa does not depart from the 
typical hymenopterous characteristics. It is about the same length 
as the mature larva, but more slender. Shortly after the expulsion of 
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the meconium the larval cuticle is shed revealing the true pupa. The 
appendages are held loosely to the body. The eyes shortly become 
pinkish and gradually the color and markings approach that of the 
adult. The female pupa averages 4.20 mm. in length and the male, 
3.72 mm. in length. 

The Cocoon.—A definite, white, oval cocoon is spun by the larva 
at the close of the feeding period within the case of its host. When 
the adult becomes active in the cocoon, the pupal skin is removed with 
the feet, and a small hole is eaten through the anterior end of the cocoon 
and finally through the wall of the case itself, the wings being fully 
expanded before exit to the exterior. 


HABITS 


Mating and Oviposition.—In all cases observed, copulation occurred 
shortly after emergence in a manner typical of other members of the 
genus Microbracon. Females confined in glass tubes and fed sugar 
water required about ten days to develop an interest in the host, after 
which the oviposition instinct became noticeable to a marked degree. 
Case-bearers introduced into the vials containing the ovipositing 
females usually caused an immediate response of the parasites. Each 
female carefully walked over the case touching the entire surface with 
the tips of the rapidly vibrating antennae which were always held 
forward and widely diverged. After such preliminary movements 
the ovipositor was thrust through the wall of the case and into the 
larva within. In the majority of cases observed the proximal third 
of the case was chosen, the head of the female directed in most instances 
toward the distal end of the case. In so doing the anterior or thoracic 
region of the larva was pierced causing the paralyzing agent to more 
quickly reach the vital part. During each thrust of the ovipositor 
the wings were held flatly over the abdomen. The actual penetration 
through the wall of the case required no particular effort, being readily 
accomplished in a few seconds. As intimated above M. pygmaeus 
kills its host by virtue of a paralyzing agent injected into it, a common 
procedure among the Braconidae. During each thrust of the ovi- 
positor the larvae jerked violently back and forth, sometimes almost 
completely leaving their cases, the ovipositors being quickly with- 
drawn and sheathed after each thrust. Large females were capable 
of completely paralyzing larvae with only a single thrust while smaller 
females stung the hosts as many as a dozen times. Between thrusts 
the females either remained perfectly quiet on the case or walked over 
the surface as described above. The second and subsequent thrusts 
were usually through the same puncture made by the first thrust, 
though frequently other points were chosen. As soon as the larvae 
were motionless, several minutes being required, the true egg thrust 
occurred, the ovipositor remaining inserted through the case frequently 
as long as two minutes. Since M. pygmaeus is an ectoparasite the 
eggs were deposited on the surface of the larva. Under normal con- 
ditions in the orchard where the supply of hosts was plentiful, only 
one egg was deposited on a single larva, while in the laboratory, if a 











438 Annals Entomological Society of America |Vol. XXVII, 


limited number of hosts were present, from one to six or more eggs were 
occasionally deposited on a single individual. The total length of 
time spent on the case by the female during oviposition varied with 
the individual. Particularly large individuals spent from four to five 
minutes per larva while smaller females were observed to spend nearly 
an hour before an egg was laid. One female, furnished with a mature 
case of Coleophora fletcherella, the walls of the case being extremely 
durable, spent 90 minutes constantly piercing the case and stinging 
the larva until the latter was sufficiently paralyzed so that an egg 
could be deposited. In spite of the violent jerkings of the larva the 
female tenaciously maintained her grip on the case. 

The duration of the egg-laying period as observed for one female, 
was about sixteen days during which time she deposited 160 eggs as 
follows: 


May 28— 1 egg June 3—15 eggs June 9—14 eggs 
May 29—10 eggs June 4— 7 “ June 10—14 “ 
May 30— 3 “ June 5— 7 “ June 11—11 “ 
May 31—7 “ June 6— 8 “ June 12— 8 “ 
June 1—9 ¢ June 7—12 “ June 17—Died 
June 2—20 “* June 8—14 “ 


Feeding habits of adult-—The feeding of certain parasites at the 
puncture hole of the host has been commonly recorded. Doten (1) 
studied the effects of food derived from the host upon the reproductive 
activity of Microbracon juglandis. He found the acquisition of larval 
food to greatly lengthen period of oviposition, as from days to months 
in the above species. 

Microbracon pygmaeus likewise fed extensively upon the fluids 
from the larval host. In spite of the fact that the larvae were sur- 
rounded by cases, the small teatlike projections from the punctures 
were readily observed under the binocular. Feeding upon larval 
foods occasionally occurred with no subsequent egg deposition, although 
such was not always the case. The constant supply of sugar water 
in vials given to the ovipositing females did not lessen the acquisition 
of food from the host. Preliminary to feeding on the larval fluids 
the females were observed to thrust the ovipositor to its full length 
through the case, the ovipositor frequently remaining thus for two 
minutes, after which the latter was quickly withdrawn and sheathed. 
The female then quickly stepped back until her mouthparts were over 
the puncture, whereupon she started feeding. Frequently several 
thrusts were necessary before an appreciable amount of the larval 
fluids appeared at the puncture. Some females fed constantly at the 
puncture for a period of five minutes. In no instances did the host 
larva appear to be shrunken when removed from its case following a 
prolonged feeding by the parasite. 


DEVELOPMENT OF THE LARVA 


Eclosion occurred from 36 to 38 hours after deposition, the young 
larvae being grayish white with the yellowish midintestine showing 
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through the transparent cuticle. Feeding promptly occurred by 
suction through the cuticle of the host and growth proceeded rapidly. 
The first ecdysis occurred during the second day of development. 
By closely observing feeding larvae in depressed slides, there appeared 
to be three ecdyses, the second and third occurring on the third and 
fourth days respectively. Maturity was reached six to ten days after 
eclosion, the larval hosts by this time being reduced to flattened, dried 
masses with the parasite larvae half filling the cases. About 24 hours 
after they stopped feeding, a delicate, white cocoon was spun within 
the case. Larvae placed on a flat surface were seldom able to spin 
properly, the silken strands being irregularly spun over the surface. 
Such larvae often failed to pupate and died a few days later. The 
cocoons were completed in twenty-four hours. The prepupal stage 
became evident by an elongation of the thorax and head and a con- 
striction between the thorax and abdomen. Shortly later the meconium 
was voided as a tightly coiled black mass, followed by a casting of the 
larval cuticle revealing the true pupa. The pupal stadium lasted from 
four to five days. The adult issued from the case by eating a small 
round hole through the wall of the latter. 


SEASONAL HISTORY 


Seasonal history of the host——Coleophora pruniella has but one 
generation per year. The adults emerge during the latter part of 
June and the early part of July. The young larvae enter the leaf 
directly on hatching where they live asa typical lepidopterous leaf 
miner, for a period of about two weeks. A small case is then con- 
structed from the leaf tissues, the larvae thereafter mining the leaf 
from the case. As the larva increases in size additions are added to the 
primary case, one during the late summer-feeding period preceding 
hibernation, and two the following spring, making the completed 
case a four-compartment affair from five to six millimeters long. The 
period of pupation occurs during the latter part of June. 

Seasonal history of the — —Microbracon pygmaeus made its 
first appearance in the orchards about May 25, 1933 when five gravid 
females were taken by sweeping. During June their numbers increased 
to the extent of becoming abundant in certain orchards. On May 31, 
1933 a single pair was found in coitu on the lower surface of a leaf 
During this period females were commonly observed ovipositing on 
mature and nearly mature larvae, the resulting progeny greatly in- 
creasing the number of parasites. These in turn parasitize other 
case-bearer larvae thus giving rise to a second generation. A third 
generation is possible although by the time the adults of the second 
generation have emerged the majority of host larvae have pupated. 
The prepupal stage was readily parasitized. Host larvae collected 
in heavily infested orchards during the first part of July were found 
to be quite heavily parasitized by pygmaeus. The adults of the second 
and third generations which failed to find hosts for oviposition dis- 
appeared from the orchards. Due to the small size of the host larvae 
during the late summer feeding period, it was not possible for pygmaeus 
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larvae to obtain enough food for complete development. Owing to 
this fact no cases of parasitism of the larvae in this stage were observed, 
although extensive sweepings in the orchards from August 17 to Septem- 
ber 12 revealed an occasional female. 

How Microbracon pygmaeus passes the winter is still an open question. 
It seems feasible, however, that the winter is passed as an incompletely 
developed larva in a case of some other member or members of the 
genus Coleophora. Extensive sweepings in the orchards and neighbor- 
ing fields and woodlots during early May in 1931 and 19382 failed to 
reveal any specimens although in 1933 a single gravid female was 
taken in a woods on May 27. 


ECONOMIC IMPORTANCE OF M. PYGMAEUS 


While Microbracon pygmaeus superficially may not appear to be 
of great importance in the control of Coleophora pruniella, it neverthe- 
less does exert a remarkable degree of control in certain infested areas. 
The degree of parasitism of the case-bearer among the various orchards 
in the Door County Peninsula exhibited a marked degree of variation. 
Material collected from numerous orchards at various times during 
the spring feeding period of the host showed a parasitism ranging 
from 1 percent in heavily infested orchards up to 92 percent in mod- 
erately and lightly infested orchards. 

One orchard was carefully observed for three seasons. This par- 
ticular orchard, about ten acres in extent, consisting of both apples 
and cherries, was quite isolated from the intensive fruit-growing area 
and in close proximity to a thickly wooded area. In 1930 there was a 
good infestation of pruniella in this orchard, the parasitism ranging 
from 14 to 20 per cent. In 1931 counts showed a noticeable decrease 
in the number of case-bearers. <A collection of 1,450 larvae in that 
year, from June 22 to July 21, showed 579 or 39.8 per cent parasitism. 
The following year counts were again made, showing a further decrease 
in case-bearer population. Of 1,538 larvae collected from June 4+ to 
July 12, 874 or 56.8 per cent were parasitized. By the spring of 1933 
the number of case-bearers was reduced to such an extent that they 
could be found only after careful searching. Three hundred and ninty 
larvae were collected however, and of these 121 or 31.0 per cent were 
parasitized. Concomitantly with the decline of case-bearers in the 
four seasons noted above, pygmaeus likewise became reduced in numbers. 
In 1930 they could be observed flying about the twigs in plentiful 
numbers in the latter parts of May and June; four years later they 
could be found only after considerable sweeping. 

Counts made during the latter part of the spring feeding period and 
early part of the pupal period always showed a lower percentage of 
parasitism than counts made earlier in the season. This was due to 
the fact that, owing to the killing of the larvae during oviposition, 
many of the cases were loosely attached to the leaf surface and sooner 
or later became completely dislodged. 
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RELATIVE IMPORTANCE OF MICROBRACON PYGMAEUS 


Of the total of 32 species of parasites reared from Coleophora pruniella, 
M. pygmaeus was by far the most abundant species, 70.4 per cent of 
all the parasitized larvae collected in 1932 giving rise to this species. 
The following table shows the relative percentages of pygmaeus that 
issued from parasitized larvae in 1932. 


_—— Number Per cent 
Orchard Collecte Parasitized Parasitized 
ollected 
Larvae by Pygmaeus 

Daus? June 6 23 91.3 
Gordon June 8 15 100 

Jacobs June 8 9 88.8 
Lawrence June 8 15 73.3 
Cady June 8 5 100 

Hahn June 9 23 95.6 
Daus June 11 77 96.1 
Hahn June 13 50 86 

Daus June 14 33 93.9 
Hahn June 23 13 84.6 
Gordon June 23 30 43.3 
Goff June 23 16 93.7 
Squier June 23 19 21.5 
Jacobs June 23 22 81.7 
Squier June 26 25 23.8 
Squier June 27 57 31.5 
Daus June 27 117 72.6 
Squier July 8 29 10.3 


It will be observed in the above table that there was a general 
decline in the number of M. pygmaeus from June 6 to July 8 owing 
to the increase in parasitism by other species of parasites, notably 
Itoplectis conquisitor (Say), Habrocytus spp., Eurydinota lividicor pus 
Gir., Cirrospilus flavicinctus Westw. and Hemiteles tenellus Say. It 
should be noted also that on June 24, 78 per cent of the unparasitized 
larvae in the orchards had pupated and on June 30, 95 per cent. 

In 1933, from a total of 1,400 larvae collected from 14 different 
orchards on June 30, 170 or 12.1 per cent were parasitized. Of this 
number 37 or 21.1 per cent of those parasitized were parasitized by 
pygmaeus. 

It thus appears that pygmaeus exerts its greatest activity as a 
limiting factor of the case-bearer during the latter part of May and 
the first part of June. 


LIMITING FACTORS 


Microbracon pygmaeus was observed to exert a high degree of 
parasitism in certain orchards, particularly those in which there was a 
medium light infestation of case-bearers. In heavily infested orchards 
2One hundred larvae were collected from each orchard except from Daus;, 
6-27), from which, on that day, 200 larvae were collected. 
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there was always only a slight amount of parasitism. In the writer’s 
opinion, the chief factor which limited the efficacy of pygmaeus in 
the infested area as a whole, appeared to be the relative scarcity of the 
late summer and over-wintering hosts. Were these hosts abundantly 
present, it seems evident that the number of individuals to appear 
the following spring would be such as to materially reduce the case- 
bearer population. 

Hemiteles tenellus (Say) was the only hyperparasite, but up to the 
present time their numbers have not been in sufficient quantity to 
lessen the numbers of pygmaeus materially. Moreover, tenellus was 
repeatedly observed to act as a primary parasite of pruniella, 
but unfortunately the extent of this parasitism was not determined. 
From 586 parasitized larvae collected in 1932, 410 or 69.5 per cent 
gave rise to pygmaeus and only 15 or 2.5 per cent to fenellus, while in 
1933, 183 parasitized larvae yielded 38 or 20.7 per cent pygmaeus and 
9 or 4.8 per cent fenellus. In view of the wide range of hosts of this 
hyperparasite, it is entirely possible that it will become of greater 
consequence in the future. 
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HOPLITIMYIA, A NEW GENUS OF STRATIOMYIDAE 


MAURICE T. JAMEs, 
University of Colorado, Boulder, Colorado 


Several species of Stratiomyidae that have been included 
in Stratiomys Geoffroy are sufficiently different from the typical 
species of that genus to warrant separate generic treatment. 
To my knowledge, there are no intermediate or connectant 
forms. In general appearance, they are wasplike rather than 
beelike, as are the true species of Stratiomys. 


Hoplitimyia, new genus 

This genus may readily be distinguished from Stratiomys, to which 
it traces in Williston’s key, by the following characters: The head is 
broad, noticeably wider than the thorax, and the occiput more or 
less concave transversely; the antennae are long and conspicuous, the 
first segment being at least six or seven times the length of the second 
(in Stratiomys, the ratio is not more than five to one); the first segment 
is somewhat clavate, the apex being thicker than the base; the third 
segment is not cylindrical, but flat and decidedly straplike, somewhat 
as in Hermetia. The eyes are not uniformly rounded in outline, but 
taper outward, thus giving the head a different shape. The abdomen 
is rounded; the sides of the second and third segments, however, are 
almost parallel. The wings are deeply and uniformly clouded in the 
region of the strong veins, and quite hyaline in the posterior half; 
there is, however, no abrupt line of demarcation. 


The known range of the genus is Kansas, Arkansas, Texas, 
Colorado, Arizona, and Mexico; it undoubtedly occurs in 
Oklahoma and parts of New Mexico. 

Genotype: Stratiomys constans Loew. 

The known species may be distinguished from the follow- 
ing key. I have not seen HH. bimaculata Bellardi and H. ger- 
staeckeri Bellardi, but they undoubtedly belong here. These 
two species are placed in the key from their description. 

KEY TO SPECIES OF HOPLITIMYIA 
1. Abdomen almost entirely yellow on the fourth and fifth segments dorsally, 


III NEE so 5 ho eeu ricns bide cess uae ean eens oe ene uaa mutabilis 
Abdomen with yellow bands, interrupted or entire, on the second, third, 


Gs BOUTON TGUIPU, HORT, go. os ooo ov sha cbc ca ciccccuteceucucdetoas 2 
2. Bands on the second segment entire....... 0... ccc cc cc cece ccc cccccccccccces 3 
Bands on the second segment interrupted si ccebaweRee ns acess Rae cae eee a 
3. Body brown; fourth segment margined posteriorly with yellow vespoides 
Body black; no yellow on the fourth segment.... .. gerstaeckeri 
4. Scutellum yellow in both sexes; second segment with an interrupted 
yellow band..... ere eg itis Seake shares Sverre 
Scutellum of male black; second segment with two large yellow spots, 
bimaculata 


443 





444 Annals Entomological Society of America |Vol. XXVII, 


The known distribution of the American species north of 
Mexico is as follows: 


Hoplitimyia mutabilis Fabr. 
Arizona.—Pima County (R. H. Beamer). In the Snow 
Collection, Kansas University. 


Hoplitimyia vespoides James 
Colorado.—Type. In the Snow Entomological Collection. 


Hoplitimyia constans Loew 

Texas.—Type, in the Museum of Comparative Zoology. 
Blanco County (Johnson). Eastland County (Grace O. Wiley), 
University of Minnesota Collection; Colorado County (G. O. 
Wiley), Snow Entomological Collection; Austin, University of 
Texas Collection. 

Arkansas.—Fayetteville, Colorado Agricultural College 
Collection. 

Kansas.—Crawford, Marion, and McPherson Counties (R. 
H. Beamer). In the Snow Entomological Collection. 

Arizona.—|Curran]. 


BOOK NOTICE 


INTRODUCTION TO COMPARATIVE PSYCHOLOGY, by Cart J. WarDEN, 
THOMAS N. JENKINS AND LUCIEN H. WARNER. pp. i-x and 1-581, 90 text 
figures. Published by The Ronald Press Company, 15 East Twenty-sixth 
Street, New York City. Price, $4.50. 

This book is the forerunner of a more comprehensive volume which will cite 
the literature in greater detail and give a more intimate analysis of the problems 
involved. It is offered as a class text on the behavior of animals up to and 
including the simian primates. We notice it because of its discussion of experi- 
mental paraphernalia and its picture of the development of behavior from the 
lowest forms up to the insects on the one hand and up to plastic vertebrate behavior 
on the other hand. The methods and conclusions discussed are applicable to many 
of our problems in the study of insect behavior though it contains much material 
of no immediate interest to entomologists. Being imbedded in a review of 
behavior covering the whole animal kingdom the section devoted to insects is 
very brief. It refers frequently to earlier work rather than to some of the very 
recent more exact experimentation and has a woefully inadequate list of references. 

The subject is treated from the point of view of the principle of organicism 
which tries to avoid the errors of the mechanistic point of view as well as those 
of vitalism. The material is organized in twenty chapters as follows: I. Modern 
Comparative Psychology; II. The Natural Science Viewpoint in Biology; III. 
Biological Foundations of Comparative Morphology; IV. Classification and 
Analysis of Behavior; V. Methods of Testing Receptive Capacities; VI. Methods 
of Testing Reactive Capacities; VII. Comparative Morphology and Physiology 
of Organisms. Chapters VIII to XX are each devoted to a particular group of 
animals, XIV, pages 359 to 407, to Arthropoda. The volume is of interest to 
those who wish to view the background of work in this field and for the suggestions 
it gives which may be useful in the study of insect behavior.—C. H. K. 
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THE AGALLIAN LEAFHOPPERS OF THE 
BIOLOGIA MATERIAL 


P. W. OMAN, 


U. S. Department of Agriculture, 
Bureau of Entomology, Washington, D. C. 


This paper is primarily a summary of the species of the 
genus Agallia and related genera which are represented in the 
‘Biologia Centrali-Americana’’ material of the British Museum. 
This material was originally sent to Dr. E. D. Ball for study, 
but Doctor Ball kindly sent the specimens to the writer for 
report at the time the latter was preparing a classification of 
the North American species of the group. The writer expresses 
his thanks to Doctor Ball for the opportunity to study the 
material. 

There are twenty species, belonging to three different 
genera, represented in the material. Twelve of these were 
found to be new to science and are herein described and figured. 
Localities, dates, and collector data are given for previously 
described species, all of which have been discussed and figured 
by the writer in an earlier publication.' Holotypes and allo- 
types of the new species, when from the Biologia material, are 
returned to the British Museum; paratype specimens and 
representatives of previously described species are retained 
where possible for the collection of the United States National 
Museum and that of E. D. Ball. A key is offered for the 
species of Agalliopsis known to occur in Mexico and Central 
America. 


KEY TO MEXICAN AND CENTRAL AMERICAN SPECIES OF AGALLIOPSIS 


5 Second cross-vein between sectors of elytra present.............. eat 
Second cross-vein between sectors of elytra absent................ 5 

2 (1). Ground color of anterior two-thirds of pronotum pale y ellowish, 
posterior one-third distinctly paler and unmarked tenella (O. & B.) 
Pronotum not as above; posterior margin, if paler, narrowly so.......... 3 

3 (2). Elytra with one or two extra cross-veins between second sector and 
inner branch of first sector. Length, 5.25 mm. or more........similis 
Elytra without extra cross-veins. Length less than 4.25 mm.......... t 


4 (3). Species predominantly black with a yellowish mark in the shape of a 
horizontal figure 5 or letter S on the anni Female genital 


segment SOOUNIY CUERVO es isons ve vedeevedeewuscecngav eager inscripta 
Species with dark markings less extensive or sometimes w holly absent. 
Female genital segment not as above.. bce tata wes agrestis 


1U.S. D. A., Bur. Ent. Tech. Bul. 372, 1933. 
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5 (1). Ground color of vertex, pronotum, scutellum, and base of clavi bright 
yellow, markings black............ : xp aa Gel ath 
Color not as above 6 
6(5). Pronotum very pale yellowish brown, with a faint median line and 
small spots laterally on disk fuscous. Only the claval cells and 
corium adjacent to clavus embrowned; costal margins of elytra 
broadly hyaline. Female genital segment truncate or very shallowly 
excavated posteriorly - < anomala 
Color not as above ; aaa 
7 (6). Male genital capsule broad, plates rather small with margins nearly 
parallel; plates not covering opening in genital capsule. Female 
genital segment broad, lateral margins well produced, posterior 
margin broadly excavated ; ke Da cnn 
Genital characters not as above na 
8 (7). Posterior margin of female genital segment smoothly excavated. ..novella 
Excavated portion of female genital segment with a tooth on each 


side..... : . novella var. tropicalis 
9 (7). Anterior mz argin of pronotum with a distinct depression back of each 
ocellus. Species usually heavily marked with black : 5 ..10 
Pronotum without such depressions. Species uniformly yellowish 
brown with few dark markings » 12 


10 (9). Posterior margins of male pygofer ending in sharp, spinelike pro- 
jections; female — segment with posterior margin notched 


medially.......... Ri eas earees ........longipennis 
Genital characters not as above , ey 

11 (10). Tip of ew with paired processes extending both caudad and 
laterad (Pl. I, Fig. 3, C)..... ; ete Ree ee ..... gracilis 
Tip of aede ee with only lateral proc esses.............-ancoralis Oman 
12 (9). Length, 5.25 mm. or over......... cn eae et aae tate iG srivicl arp ie ata y ee euleeae 13 
Length, 4.5 mm. or less oe rt een 

13 (12). Aedeagus with a pair of flaring Y-s! raped processes, laterally, at the 
tio (Fi. Til, Pigs. 1A, 1B)...... Se sero e saw are ie cleat majesta 
Aedeagus without such processes at tip..... ..... magnifica Oman 

14(12). Species with a pair of large, fuscous spots on disk of pronotum directly 
back of spots on vertex above ocelli. Length, 4-4.5 mm.. acuminata 


Species without such spots on disk of pronotum. Length, 3.5-3.75 mm., 
brunnea Oman 


Agalliopsis longipennis n. sp. 
(Pl. I, Figs. 1, 1A, 1B, 1C, 1D) 

Intermediate in character between evxilis and tenella, differing from 
the former in the more tapered elytra and the long, pointed, male 
pygofer, and from the latter in the absence of the second cross-vein 
between sectors of the elytra. Length, 5-5.25 mm. 

Color:—General ground color of males yellowish brown, of females 
pale yellow. Face and vertex with fuscous to piceous marks as follows: 
Clypeus, or at least apex, transverse arcs laterally on frons, frontal 
sutures, antennal pits, inverted Y on vertex, rings around ocelli, large 
spots on vertex above ocelli, and smaller spots next eyes. Pronotum 
with fuscous to piceous marks in the form of a median line, anterior 
submargins laterally, and spots on disk each side of median line, these 
sometimes connected laterally with the submarginal area; the posterior 
margin broadly pale in the males, the contrast less apparent in the 
females. Basal triangles of scutellum piceous, oval depressions and 
transverse suture fuscous to black, the males usually with a narrow 
median line and a triangular area at the apex also, black. Elytra 
of males brownish subhvaline with veins occasionally whitish but 
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mostly concolorous, females with elytra yellowish subhyaline and veins 
all yellowish and distinct. In general it may be said that the males 
are much darker and have the areas of coloration more extensive than 
the females. 

Structure —Very slender, vertex almost subangular, pronotum short 
with posterior margin broadly concave. Elytra long and slender, 
greatly exceeding abdomen in length, tapering but little, apices broadly 
rounded, second cross-vein between sectors absent. 

External Genitalia——Last ventral segment of female with lateral 
margins short, posterior margin triangularly produced but with a 
deep, median, V-shaped notch, deeper than in tenella. Male valve 
elongate, quadrangular, broader basally than apically, lateral margins 
slightly concave, length exceeding basal width. Plates small, to- 
gether triangular, lateral margins convex, apices pointed and exceeded 
in length by the pygofer, which ends in slender, upturned points visible 
from below. 

Internal Male Genitalia—Aedeagus in lateral view long, slender 
and curved, extending first dorsally and then caudally, the tip bent 
slightly upward; in dorsal view quite broad on distal one-half, the 
apex with a slender, fingerlike process extending caudad each side of 
the heavier, shorter, tubelike, ejaculatory duct. On the dorsal side, 
at the bases of the lateral terminal processes, arise a similar pair of 
fingerlike processes which extend cephalad and slightly dorsad, these 
best seen in lateral view. Tenth segment ending in sharp points, 
laterally. Style with inner point sharp and exceeding outer fork in 
length. Pygofer ending in upturned, spinelike points. 


Either the long, slender form or the genital characters wil 
easily distinguish this species. 

Holotype male and allotype female from Xucumanatlan, 
Guerrero, Mexico, 7,000 feet, July, H. H. Smith. Paratypes, 
2 males and 2 females with the above data; 1 male from Omil- 
teme, Guerrero, Mexico, 8,000 feet, August, H. H. Smith, and 
1 male and 1 female from Sierra de las Aguas Escondidas, 
Guerrero, Mexico, 9,500 feet, July, H. H. Smith. Holotype, 
allotype, and paratypes in British Museum; paratypes in 
collections of the United States National Museum (Cat. No. 
50077) and E. D. Ball. 


Agalliopsis distincta n. sp. 
(Pl. I, Figs. 2, 2A) 

Closely related to A. tenella but with head, pronotum, scutellum, 
and inner basal angles of clavi bright yellow with fuscous to black 
markings. Length of female, 4.25 mm. 

Color.—Clypeus and frons deep fuscous; lori, except inner margins, 
yellow; genae whitish laterally; antennal pits deep fuscous. Vertex 
yellow with inverted Y, rings around ocelli, spots on posterior margin 
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above ocelli, and spots next each eye, deep fuscous. Pronotum bright 
yellow with a short fuscous median line; anterior margins laterally 
and spots on disk each side of median line black. Scutellum with 
basal triangles black, transverse suture and oval depressions fuscous. 
Elytra mostly dark brownish with veins intermittently yellow or 
yellowish, but with the claval areas bright yellow basally except next 
the claval sutures. Costal margin of each elytron at the base of the 
anteapical cells with a hyaline area enclosed in a larger oval area defined 
by a narrow line of whitish bloom, with indications that the whole 
area may have been at one time covered with a whitish, pruinose spot. 
Dorsum of abdomen fuscous; below mostly yellowish. 

Structure —Quite slender, vertex and pronotum very short. Elytra 
strongly exceeding abdomen in length, costal margins evenly curved, 
apices rounded, second cross-vein absent. 

External Genitalia.—Last ventral segment of female long, posterior 
margin roundly produced from the short lateral margins, notched 
medially and faintly sinuate each side of notch. 


The striking coloration and the genital characters render 
this species so distinct that it is described from a single sex. 

Holotype female and 1 female paratype from Sierra de las 
Aguas Escondidas, Guerrero, Mexico, 9,500 feet, July, H. H. 
Smith. Holotype in the collection of the British Museum; 
paratype in the collection of the United States National 
Museum (Cat. No. 50078). 


Agalliopsis gracilis n. sp. 
(Pl. I, Figs. 3, 3A, 3B, 3C) 

Resembling /ongipennis but shorter; male pygofer bluntly rounded 
posteriorly, not produced and pointed. Length of male, 4.5 mm. 

Color—Face brownish yellow with deep fuscous to black marks as 
follows: Clypeus, frons basally and laterally, frontal sutures, antennal 
pits, inverted Y on vertex with basal arm extending to posterior margin, 
rings around ocelli, spots on vertex above ocelli, and spots next eyes. 
Pronotum entirely black except narrow posterior whitish margin and a 
pair of yellowish brown areas on the disk which together form a some- 
what crescent-shaped mark interrupted by the median dark line; the 
crescent much wider next the median line than laterally. Scutellum 
black, with a pair of yellowish spots on disk and a pair on each lateral 
margin behind the midpoint. Elytra fuscous subhyaline with veins 
broadly pale ‘except along costal margin, where they are dark. 

Structure —Similar to longipennis but smaller with the vertex more 
broadly rounded. Pronotum short, posterior margin concave. Elytra 
strongly exceeding abdomen, tapering but little, second cross-vein 
absent. 

External Genitalia.—Male valve as long as basal width, basal width 
one-half greater than apical width, lateral margins straight, posterior 
margin convex and slightly produced medially. Plates subtriangular, 
lateral margins convex, tips bluntly pointed. 











—— I ] 
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Internal Male Genitalia.—Aedeagus in lateral view broad basally, 
strongly curved, and quite slender on the distal one-half. In dorsal 
view tip with a pair of broad processes extending laterally, becoming 
broader distally and with tips bent cephalad, just anterior to these a 
small winglike projection on each side, below a similar winglike keel, 
and at the extreme apex a pair of slender, fingerlike processes which 
extend caudad. Styles bent near fork, inner fork longer than outer. 
Pygofer broadly rounded behind. 


The shape of the aedeagus is quite distinct. 

Holotype male from Sierra de las Aguas Escondidas, 
Guerrero, Mexico, 9,500 feet, July, H. H. Smith. Type in the 
British Museum. 


Agalliopsis agrestis n. sp. 
(Pl. II, Figs. 2, 2A, 2B, 2C, 2D) 

Closely allied to A. gracilis but with the aedeagus long and slender 
and with three anteapical cells in the elytra. Length, 4 mm. 

Color.—General ground color of females yellowish brown, males 
darker. Clypeus and frons black in males, sparingly marked in females. 
Face and vertex pale marked with fuscous to black as follows: Frontal 
sutures, antennal pits, inverted Y on vertex, rings around ocelli, spots 
on vertex above ocelli, and spots on vertex next the eyes, these some- 
times fused below with fuscous patches bordering eyes. Pronotum 
of male brownish yellow with fuscous to black marks in the form of a 
broad anterior margin, a wide median line, a broad posterior submargin, 
and lobelike spots on disk each side of median line, these fused behind 
with posterior submargin. Narrow posterior margin of pronotum 
whitish. Scutellum of males wholly black except for a pair of yellowish 
spots on disk and narrow lateral margins anteriorly. In the females 
of this species the fuscous and black markings on the pronotum and 
scutellum are wholly or in part replaced by golden brown or brown, 
or sometimes obsolete. Elytra brownish subhyaline with veins paler. 

Structure —Rather slender, larger than 4. anomala. Pronotum 
short with posterior margin very slightly concave. Elytra strongly 
exceeding abdomen, scarcely tapering, second cross-vein present. 

External Genitalia——Last ventral segment of female about twice 
longer than preceding, posterior margin produced and narrowing 
posteriorly, apex truncate or slightly excavated. Male valve sub- 
triangular, posterior margin less than one-half as wide as anterior, 
lateral margins oblique. Plates small, together subtriangular, lateral 
margins slightly convex, tips blunt. 

Internal Male Genitalia——Aedeagus extremely long and slender 
except the relatively stout basal one-fourth, extending first cephalad, 
then curving dorsad and caudad, the tip extending downward between 
the styles. Inner fork of style longer than outer and slightly foot- 
shaped. Posterior margins of pygofer broadly rounded. Tenth seg- 
ment quite large, with a tiny, blunt, tooth on each posterior margin. 
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The long slender aedeagus is a unique character in this 
genus. 

Holotype male from Omilteme, Guerrero, Mexico, 8,000 
feet, July, H. H. Smith; allotype female from the same locality 
in August. Paratypes, 2 males with the same data as the 
holotype, 1 male from Xucumanatlan, Guerrero, Mexico, 7,000 
feet, July, H. H. Smith, and 2 females from Amula, Guerrero, 
Mexico, 6,000 feet, August, H. H. Smith. Holotype, allotype, 
and paratypes in the British Museum; paratypes in the United 
States National Museum (Cat. No. 50079). 


Agalliopsis inscripta n. sp. 
(Pl. II, Figs. 1, 1A 

Closely related to agrestis but more robust and darker, with the 
female genital segment broadly excavated and the lateral angles pro- 
duced. Length of female, 3.75 mm. 

Color—General ground color yellowish brown. Face variously 
marked with black, the most constant markings being the inverted Y 
and rings around the ocelli; base of inverted Y extending to posterior 
margin of vertex. Vertex with a large piceous spot above each ocellus 
and a smaller one next each eye. Pronotum usually wholly black 
except the narrow, pale, posterior border and a pair of yellowish brown 
marks on the disk, these roughly resembling a horizontal figure 5 or 
letter S, the portions next the median line often obsolete, the outer 
portions sometimes extended to the lateral margins. Scutellum fuscous 
with basal and lateral spots pale. Elytra fuscous subhyaline, the 
veins usually intermittently marked with whitish. 

Structure.—Slightly more robust than agrestis. Elytra compar- 
atively broad, extending well beyond apex of abdomen; second cross- 
vein between sectors present. 

External Genitalia——Last ventral segment of female large, lateral 
margins produced into slender processes, making the posterior margin 
roughly, roundly excavated. 

The genital characters of the females of this species are more 
like those of novella than any other species known to the writer. 

Holotype female and 1 female paratype from Cerro Zunil, 
Guatemala, 4,000 feet, Champion, and 1 female paratype from 
Tegucigalpa, Honduras, Sept. 3, 1917, F. J. Dyer (U.S. N. M. 
collection). Also a third female with the same data as the 
holotype, but in too poor condition to make a paratype. Holo- 
type and 1 paratype in the collection of the British Museum; 
1 paratype in the United States National Museum collection 
(Cat. No. 50080). 
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Agalliopsis similis n. sp. 
(Pl. I, Figs. 4, 4A, 4B 


Resembling A. longipennis but more robust, with the male pygofer 
broadly rounded and with numerous cross-veins in the elytra. Length 
of male, 5.8 mm. 

Color.—General gound color pale brownish yellow. Face marked 
with black as follows: Frontal sutures, broken transverse arcs on 
frons laterally, antennal pits, inverted Y on vertex with dorsal arm 
reaching posterior margin, and rings around ocelli, these fused laterally 
With spots next eyes. Vertex with large piceous spots above ocelli 
and tiny black spots next the eyes. Pronotum black on anterior 
margin; median line, irregular spots on each side near posterior margin, 
and spots next lateral margins also dark. Scutellum black except 
for two yellowish discal spots and pale apex. Elytra mostly brownish 
subhyaline, veins vellowish. 

Structure —Vertex about as in longipennis, pronotum short and 
slightly excavated behind. Elytra long, scarcely tapering, with two 
or three extra cross-veins between sectors. 

External Genitalia——Male valve longer than basal width, nearly 
as wide apically as basally, lateral margins slightly concave. Plates 
small, subtriangular, lateral margins convex, apices bluntly pointed. 

Internal Male Genitalia#—Aedeagus slender, nearly U-shaped in 
lateral view. Tenth segment sicklelike in lateral view, ending in 
sharp points. Pygofer very broadly rounded, inner margins bearing 
an upturned hook. Style with inner fork slender and longer than 
outer fork. 


The extra cross-veins in the elytra, together with the color 
and genital characters, will easily distinguish this species. 

Holotype male from Omilteme, Guerrero, Mexico, 8,000 
feet, July, H. H. Smith. Type in the British Museum. 


Agalliopsis acuminata n. sp. 
(Pl. II, Figs. 3, 3A, 3B, 3C, 3D, 3E 


Related to brunnea but much larger, more heavily marked, and 
with the female genital segment truncate rather than triangularly 
produced. Length of male, + mm., of female, 4.5 mm. 

Color—General ground color brownish yellow. Face yellow, 
sparsely marked with brown; antennal pits and sutures along lateral 
margins of frons dark fuscous; arms of inverted Y laterally and spots 
next inner margins of ocelli fuscous. Narrow median line of vertex, 
spots above ocelli, and spots next eyes, black. Pronotum black on 
anterior margin; median line, spots on disk each side of median line, 
and spots near lateral margins also dark; the median line and extreme 
lateral spots almost obsolete in the female. Elytra faintly brownish 
subhyaline with an olivaceous tinge, veins brown. 

Structure —General form similar to that of scortea. Elytra strongly 
tapered, apices rounded. Elytral venation somewhat obscure, second 
cross-vein between sectors absent. 
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External Genitalia.—Last ventral segment of female about twice 
as long as preceding, posterior margin truncate or slightly sinuate. 
Male valve quadrangular, slightly longer than basal width. Plates 
slender, tapering to bluntly rounded apices, lateral margins covex. 

Internal Male Genitalia.—Aedeagus consisting of two processes, 
the ventral or accessory process composed of a pair of lateral processes, 
each of which ends in two sharp, spinelike projections, the outer shorter 
than the inner. Dorsal process of aedeagus slender and sinuately 
curved in lateral view. Posterior margins of pygofer bluntly angled 
and each bearing an inward projecting process which ends in three 
sharp points, two apically and one on the inner margin. Tenth seg- 
ment slender, caudal margins truncate, ventral margins with three 
blunt teeth. Style with inner fork sharp and exceeding outer fork in 
length. 


The peculiar male genital characters will distinguish this 
species from all others heretofore described. 

IIolotype male and allotype female from Teapa, Tabasco, 
Mexico, H. H. Smith. Types in the British Museum. 


Agalliopsis majesta n. sp. 
(Pl. II, Figs. 4, 4A; Pl. III, Figs. 1, 1A, 1B) 


Superticially identical with A. magnifica, but with the aedeagus 
bearing two pairs of processes apically. Length of male, 5.25-5.5 mm. 

Color.—General ground color pale brownish yellow; face marked 
with brown as follows: Frontal sutures, antennal pits, frons laterally, 
and inverted Y on vertex; base of inverted Y reaching posterior margin 
of vertex. A small fuscous dot on each side of each ocellus, a larger, 
darker, spot above each ocellus on the posterior margin of the vertex, 
and a small dark spot next each eye. Pronotum with brownish fuscous 
marks as follows: A median line not reaching anterior margin, a pair 
of tiny spots near anterior margin, a pair of medium sized spots on the 
disk, and a pair of small spots near the lateral margins. Basal triangles 
of scutellum black, transverse suture and oval depressions on disk 
brown. Elytra mostly brownish subhyaline, a darker area on the 
discal cells, veins mostly paler. 

Structure —Very similar to magnifica, vertex proportionately very 
short medially, pronotum humped in lateral view. Elytra long and 
tapering, second cross-vein between sectors absent. 

External Genitilia-—Male valve almost quadrangular, basal width 
slightly exceeding apical width, length equalling basal width. Plates 
slender, elongate, gradually tapering to bluntly pointed tips which 
slightly exceed pygofer in length. 

Internal Male Genitalia—Aedeagus rather slender and curved 
upward, bearing, just anterior to the tip, a pair of flaring Y-shaped 
processes which extend laterally and dorsally, and at the tip a pair of 
simple processes which extend directly laterad. Aedeagus with a 
somewhat membranous sheath basally. Style extremely long, outer 
point blunt, inner point longer and pointed. Pygofer tapering caudally, 





; 
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posterior margins heavy and bearing a stout, inward projecting tooth 
apically, pygofer with a flaplike lobe on each side dorsally. Tenth 
segment small, with a slender, curved, spinelike projection midway 
on each lateral margin dorsally. 


The large size will distinguish this from any previously 
described species except magnifica, from which it may be 
separated by the characters of the male genitalia. 

Holotype male and 1 male paratype from Chilpancingo, 
Guerrero, Mexico, 4,600 feet, June, H. H. Smith. Holotype 
in the collection of the British Museum; paratype in the col- 
lection of the United States National Museum (Cat. No. 50081). 


Agalliopsis anomala (Baker) 


There are specimens from Teapa, Tabasco, Mexico, H. H. 
Smith. 


Agalliopsis novella (Say) var. tropicalis (Van D.) 


Chilpancingo, Guerrero, Mexico, 4,600 feet, June, H. H. 
Smith; Amula, Guerrero, Mexico, 6,000 feet, September, H. H. 
Smith. 


Agallia teapae n. sp. 
(Pl. III, Figs. 2, 2A, 2B, 2C, 2D) 


Resembling ingens but smaller, with posterior margin of female 
genital segment excavated medially. Length of male, 3.75-4 mm, of 
female, 4-4.25 mm. 

Color.—General ground color golden brown to brown, face variously 
marked with light fuscous. Inverted Y fuscous; spots on vertex above 
ocelli black. Pronotum about as in ingens; anterior and lateral areas 
and median line fuscous, discal spots black. Elytra brownish sub- 
hyaline, veins paler. 

Structure —More robust than constricta, pronotum slightly excavated 
behind, elytra broad and extending well beyond tip of abdomen, second 
cross-vein absent. 

External Genitalia.—Last ventral segment of female over twice as 
long as preceding, posterior margin roundly produced, with a shallow, 
rounded, median excavation. Male valve broad, twice as wide as long, 
posterior margin truncate. Plates short and broad, narrowing quite 
sharply on basal one-half, then parallel sided to bluntly rounded apices 
which exceed the short pygofer in length. 

Internal Male Genitalia.—Aedeagus stout basally, becoming quite 
slender apically, bowed downward in lateral view. Tip with a pair 
of processes extending laterad and a shorter pair extending caudad. 
Connective in lateral view broad medially. Aedeagus extending 
beyond short, truncate pygofer. 
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In the writer’s key to the genus Agallia (U. S. Dept. Agr. 
Tech. Bul. 372: 25-28, 1933) the males of this species run to 
producta and the females to quadripunctata subsp. excavata. 
The genital characters of both sexes will distinguish it from 
these forms. 

Holotype male and allotype female from Teapa, Tabasco, 
Mexico, H. H. Smith. Paratypes, 13 specimens with the above 
data, one of the males bearing the date ‘‘February’’; and one 
female from Omilteme, Guerrero, Mexico, 8,000 feet, July, 
H. H. Smith. Holotype, allotype and paratypes in the British 
Museum; paratypes in the collections of the United States 
National Museum (Cat. No. 50082), and E. D. Ball. 


Agallia barretti Ball 


Amula, Guerrero, Mexico, 6,000 feet, August, H. H. Smith; 
Mexico City, Mexico, May, 1888, H. H. Smith. 


Agallia modesta Osborn and Ball 
Orizaba, Veracruz, ee Salle Coll.; Orizaba, Veracruz, 
Mexico, December, 1887, H. S. & F. D. G.; Fortin, Veracruz, 
Mexico, May, H. H. Smith; mea. Veracruz, Mexico, May, 
H. H. Smith; Tierra Colorado, Guerrero, Mexico, 2,000 feet, 
October, H. H. Smith. 


Agallia lingula Van Duzee 


Teapa, Tabasco, Mexico, H. H. Smith. 


Agallia producta Osborn and Ball 
Orizaba, Veracruz, Mexico, Salle Coll.; Teapa, Tabasco, 
Mexico, = H. Smith; Orizaba, Veracruz, Mexico, December, 
1887, H. S. & F. D. G.; Atoyac, Veracruz, Mexico, April, H. H. 
Smith; Portia, Veracruz, Mexico, May, H. H. Smith, 


Agallia atra n. sp. 
Pl. III, Figs. 5, 5A, 5B, 5C) 

Resembling A. nigricans but with the male plates short and the 
female genital segment deeply excavated. Length of male, 2.25-2.5 
mm, of female, 2.75 mm ' 

Coior.—Mostly black. Numerous pale areas on face, vertex with 
broad yellowish areas next the black spots above the ocelli, pronotum 
with similar areas around spots on posterior margin and each side of 
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median line, lateral margins pale. Scutellum with lateral margins and a 
pair of spots on disk yellowish. The extent of the color pattern, 
especially on the pronotum, is very variable, but the description and 
drawing have been based upon what seemed to be a typical specimen. 
Elytra fuscous. 

Structure —Very robust, pronotum very short with posterior margin 
nearly straight. Elytra broad and short, barely equalling abdomen 
in length in the female, second cross-vein absent. 

External Genitalia——Last ventral segment of female long, slightly 
narrowed apically, lateral angles sharp, posterior margin with a broad, 
deep, U-shaped median excavation which extends half way to the base, 
the segment each side of this obliquely truncate. Male valve pro- 
portionately quite large, lateral margins oblique, posterior margin 
slightly produced medially. Plates small, slightly wider basally than 
apically, margins straight, apices subtruncate and exceeded by pygofer 
in length. 

Internal Male Genitalia —Aedeagus short and stout, curved dorsad 
and with the tip turned abruptly caudad, bearing on each side near the 
tip three short, hooklike teeth. Posterior margins of pygofer pro- 
duced into fleshy, setigerous, lobelike processes below, and slender, 
tapering, fingerlike processes next the anal tube. Inner fork of style 
greatly exceeding outer fork in length, slender, and with the blunt tip 
bent ventrolaterad. 


The small size, dark color, and peculiar genital characters of 
both sexes will distinguish this species. In the writer’s key 
to the genus, typical specimens of this species run down to 
obesa while the darker males fall in the categories containing 
lingulata, modesta, and barrettt. It may be readily separated 
from all of these by the genital characters and from the last 
three by the small size. 

Ilolotype male, allotype female, and 6 paratypes from Pata- 


~ 


gonia, Arizona, August 8, 1932, E. D. Ball. Paratypes, 2 
males and 1 female from Guerrero, Mexico, 4,600 feet, June, 
H. H. Smith; 1 male and 1 female from Baboquivari Mountains, 
Arizona, July 19, 1932, R. H. Beamer. Holotype, allotype, and 
paratypes in collection of E. D. Ball, paratypes in the collections 
of the British Museum, the United States National Museum 
(Cat. No. 50083), and the University of Kansas. 


Agallia nervata n. sp. 
(Pt. III, Figs. 4, 4A, 4B, 4C 
Robust, with the vertex short medially and with the female genital 
segment very short, exposing the underlying membranes. Related 
to major Leth. and declivata Osborn of the South American fauna. 
Length of male, 4.5-4.75 mm., of female, 4.75-5 mm. 
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Color.—General ground color light brown, front with various fuscous 
marks, the most definite being the antennal pits, sutures along lateral 
margins of frons, tip of clypeus, arms of inverted Y on vertex, and 
tiny spots laterad of the ocelli next to the eyes. Vertex with narrow 
median line and spots above ocelli deep fuscous. Pronotum with 
fuscous marks in the form of a pair of curved, transverse dashes 
anteriorly, a median line which widens on the disk, and a pair of large, 
rather indefinite spots near the posterior margin. Basal triangles of 
scutellum brown. Elytra pale subhyaline, veins brown except basally 
and on clavi, where they are broadly pale with the cells embrowned. 

Structure: Vertex broadly rounded anteriorly, very short medially, 
length on median line about one-half that next to the eyes. Pronotum 
very short, posterior margin truncate. Elytra broad but strongly 
exceeding abdomen in length, costal margin broadly bowed, second 
cross-vein absent. 

External Genitalia.—Last ventral segment of female very short, 
posterior margin a little produced near lateral margins but median 
portion broadly, deeply, and roundly excavated nearly to base. The 
membranes, normally covered by the last ventral segment, are all 
exposed. Male valve small, broader than long, posterior margin 
roundly excavated medially. Plates very slender, parallel margined, 
appearing to be separated along median line but actually united for 
entire length, apices together bluntly rounded. Plates exceeded by 
pygofer in width and length. 

Internal Male Genitalia—Aedeagus almost V-shaped, base of V 
extending downward between styles. Styles long and stout, outer fork 
blunt, inner fork obsolete. Pygofer with posterior margins subangular. 


This species represents a quite distinct group of tropical 
and subtropical species which are characterized by having the 
vertex very short medially, by the extremely short female 
genital segment which exposes the underlying membranes, and 
in having the male plates often quite rudimentary. In the 
writer’s key to the genus A gallia the males of this species run to 
configurata and the females to the category containing con- 
figurata and albidula. It is not, however, closely related to 
either of these species and is easily separated from them by 
the shape of the vertex, the large size, and the genital characters. 

Holotype male and allotype female from Teapa, Tabasco, 
Mexico, H. H. Smith. Paratypes, 3 females and 2 males with 
the above data, one of the females with the date ‘‘ March”’ and 
one male having ‘‘April’’ as the date. Also one female from 
Veracruz, Mexico, May, H. H. Smith. Holotype, allotype, 
and paratypes in the British Museum; paratypes in the col- 
lection of the United States National Museum (Cat. No. 50084). 
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Agallia punctata n. sp. 
(Pl. III, Figs. 3, 3A) 


Yellowish cinereous with markings of fuscous and brown. Not 
closely related to any described species known to the writer. Length 
of female, 4 mm. 

Color.—General ground color pale yellowish cinereous. Face 
unmarked except for faint brown lines laterally on frons; vertex with a 
pair of oval fuscous spots a little wider apart than the ocelli, a similar 
pair behind these near the posterior margin of the pronotum; traces of 
pale brownish medially on the vertex and anterior two-thirds of 
pronotum and along the anterior lateral margins of the pronotum. 
Scutellum with basal triangles of fuscous. Elytra hyaline, faintly 
embrowned as follows: Clavi except apex, veins and basal areas adjacent 
to claval sutures, and a stripe on each elytron beginning near the base 
between the costa and first sector, extending caudally, widening, 
crossing the first sector behind the point at which it forks, and touching 
the claval suture at about the middle, a faint portion extending caudad 
to the second anteapical cell. Below pale, female genital segment 
faintly embrowned on posterior median portion; ovipositor black. 

Structure.-—Comparatively slender, vertex of almost uniform length. 
Ocelli equidistant from eyes and from each other. Elytra slender, 
venation obscure, second cross-vein between sectors absent. 

External Genitalia—Female genital segment with posterior margin 
smoothly rounded. 

This species is a representative of a group of tropical and 
subtropical species which all have the same general color and 
color pattern and have the ocelli much nearer the median line 
of the face than is usual in the genus. It is quite distinct from 
any other described species in the genus in respect to the 
above mentioned characters. 

Ilolotype female from Teapa, Tabasco, Mexico, March, 
H. H. Smith, and one female paratype from the same locality, 
collected in February. Holotype in collection of British 
Museum; paratype in collection of the United States National 
Museum (Cat. No. 50085). 


Aceratagallia gillettei (Osborn & Ball) 


There are specimens from Chilpancingo, Guerrero, Mexico, 
4,600 feet, June, H. H. Smith. 


Aceratagallia sordida Oman 


Specimens from Mexico City, Mexico, May, 1888, H. H. 
Smith; and Champerico, Guatemala, Champion. 





458 


Fig. 


Fig. : 


Fig. 
Fig. 


Fig. 
Fig 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
Fig. 


Fig. 5 


wo = 


Annals Entomological Seciety of America |Vol. XXVII, 


EXPLANATION OF PLATES 


PLATE | 
Details of A galliopsis spp. 


longipennis, head and thorax; 1A, female genitalia; 1B, male genitalia; 
1C, lateral aspect of internal male genitalia; 1D, dorsal aspect of distal 
portion of aedeagus. 

distincta, head and thorax; 2A, female genitalia. 

gracilis, head and thorax; 3A, male genitalia; 3B, lateral aspect of internal 
male genitalia; 3C, dorsal aspect of distal portion of aedeagus 

similis, head and thorax; 4A, male genitalia; 4B, lateral aspect of internal 
male genitalia. 


PLATE II 
Details of A galliopsis spp. 


inscripta, head and thorax; 1A, female genitalia. 

agrestis, head and thorax of female, and 2A, of male; 2B, female genitalia; 
2C, male genitalia; 2D, lateral aspect of internal male genitalia. 

acuminata, head and thorax; 3A, female genitalia; 3B, male genitalia; 
3C, lateral aspect of internal male genitalia; 3D, dorsal aspect of right 
pygofer hook; 3E, dorsal aspect of ventral process of aedeagus. 

majesta, head and thorax; 4A, male genitalia. 


PLATE III 
Details of Agalliopsis and A gallia spp. 

Agalliopsis majesta, lateral aspect of internal male genitalia; 1A, dorsal 
aspect of tip of aedeagus; 1B, caudal aspect of tip of aedeagus 

Agallia teapae, head and thorax; 2A, female genitalia; 2B, male genitalia; 
2C, lateral aspect of internal male genitalia; 2D, dorsal aspect of tip of 
aedeagus. 

punctata, head and thorax; 3A, female genitalia. 

nervata, head and thorax; 4A, female genitalia; 4B, male genitalia; 4C, 
lateral aspect of internal male genitalia. 

atra, head and thorax; 5A, female genitalia; 5B, male genitalia; 5C, lateral 
aspect of internal male genitalia. 
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TWO SPECIES OF LICHEN-MINING MOSSMITES 


ARTHUR PAUL Jacor, 


Cornell University, Ithaca, New York 


Both species here described dwell in the thallus of crustose 
lichens. The first occurs near Ithaca, N. Y., the second on 
the holy mountain, Taishan, in Shantung, China. 


Scapheremaeus petrophagus (Banks) comb. nov. 
(Figs. 1-4. 

In 1906 Nathan Banks characterized this species under the 
genus Scutovertex (1, p. 194) recording it from Traghanic 
Falls, near Ithaca, N. Y. While near Taughannock gorge 
with Professor Cyrus R. Crosby and Dr. Mortimer D. Leonard, 
the former showed me the type locality of this mite, which 
is the edge of the Tully limestone where it rises gradually out 
of Cayuga Lake north of Taughannock delta. It was in the 
vicinity of Professor John Henry Comstock’s summer cottage 
that this mite was first discovered by him. As the waves 
break against the massive blocks of this limestone sill, their 
splash keeps the limestone moist enough to support an extensive 
growth of the lichen Thelidium auruntit (Mass.), the black, 
oval, fruiting bodies of which are imbedded in the uniform 
thallus (projecting somewhat when ripe) like raisins in a slice 
of cake. The most conspicuous associate of this vegetation 
is Scapheremaeus petrophagus which feeds on the fruiting 
bodies by night and spends the day in the cavities thus formed. 
All stages of development may be found. 

Although not typical of the genus Scapheremaeus, it is 
sufficiently close to warrant its inclusion among the markedly 
differentiated species now included under that genus. Several 
of these species have been colaterally, beautifully figured by 
Berlese (2, Pl. XX, Figs. 62-66). 

Diagnostic characters—Sculpturing of margin and disc of noto- 
gaster quite different, though not set off by a distinct line or ridge; 
disc of notogaster sculptured by confluent vermiculations extending 
over a median and lateral areas (Fig. 1), margin comprised chiefly 
of tubercles occasionally running into transverse vermiculations around 
edge of abdomen (Fig. 4); tectopedia II not projecting earlike (thus 
resembling S. guerini, 2, Pl. 20, Fig. 65); only the femora sculptured; 
tarsi monohamate. 
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Description.—Size of body 0.45-0.5 mm. long by 0.25—-0.29 mm. 
broad and 0.2 mm. high (the size in the original description is obviously 
meant to be 0.4 mm.); color dull black in life, brownish by transmitted 
light; shape elongate ovate (Fig. 1), depressed; cephaloprothorax 
conical, flattened below, entirely housing the mouthparts; sculptured 
by ridges as in Figure 1 (the most conspicuous elements of which are 
illustrated by Banks (1, Fig. 1) and tubercles dorsad of tectopedia I 
(Fig. 4+); no distinct tectopedia I; tectopedia II barely discernible 
(Fig. 1); lamellae represented by a low, slender ridge running down 
to edge of camerostome; lamellar bristles lacking; interlamellar bristles, 
like all body bristles, short, stout, pointed; rostral bristles slightly 
longer; pseudostigmata shaped like a doughnut (Figs. 1, 2, and 4), 
organ with short, curved pedicel, slightly thickened distally, head oval 
to ovate, rough, black. 2 

Notogaster broadest behind middle, extending down sides of ab- 
domen but not encroaching onto venter, this lateral extension distinct 
from dorsal by a low, barely projecting, sculpture ridge (Fig. 4), 
anterior edge distinct, angular, with an oval, clear spot on anterior 
area, overhung by bristles al; sculpturing as described above (Figs. 
1 and 4), quite constant in its general aspect; the thirty bristles dis- 
posed as in Figure 1; porose areas were not discerned. 

Ventral plate with vermiculate sculpturing posterior to legs IV, 
often extending between apertures; bristles disposed much as usual in 
the higher subfamilies (Fig. 1); sternal bristles remote, the middle 
pair most remote; bristle of tectopedia II posterior to that tectopedium; 
apodemata straight; apodemata I with cerif directed posteriad; a 
diagonal ridge originating behind legs IV passes not far posteriad of 
genital aperture; labium long, with two pairs of bristles; genital aperture 
large, sides converging, corners rounded, posterior edge strongly lobed, 
cover bristles six, all close to median edge; the posterior ones most 
distantly spaced; anal aperture longer than broad, anterior edge strongly 
lobed, corners strongly rounded, sides slightly converging, posterior 
edge strongly bent V-like; cover bristles close to median edge, closer 
together than smallest diameter of a cover; paranal bristles near pos- 
terior angle, on transverse plane passing nearly midway between anal 
cover bristles; pseudofissurae diagonal, near anterior corner of aperture. 

Legs each with one strong hook (Figs. 3 and 4); segments fairly 
well formed; femora vermiculate-sculptured; genuals short; trochanters 
III and IV mushroomed; femora I and II each with two short, stout, 
curved bristles on dorsal edges, the proximal one of femora II sickle- 
shaped; tibiae stout-pedicellate, chiefly with short bristles; tibiae I 
with long major bristle (Figs. 3 and 4), tibiae II with rather short, 
stout, major bristle; tibiae III and IV with rather long ventrodistal 
bristle; tarsi short, with long, thinly sclerotized distal end, making a 
strong contrast with the bulby, well sclerotized proximal portion; 
tarsi I with dorsoproximal quartette reduced to three, the longest 
somewhat longer than height of segment; dorsodistal pairs long, with 
hooked distal end (Figs. 3 and 4); ventral face bristles stout, curved, 
barbed; ventrodistal pair long, sigmoidally curved. 
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Thus the tarsi and the body bristles are the most highly 
specialized or differentiated parts of this animal. 





Scapheremaeus petrophagus (Banks), adult. 

Fig. 1. Dorso-ventral aspects, legs omitted; ratio X150. 2. Pseudostigma and 
organ, figure to right of numeral is lateral aspect, figure to left is the dorsal 
aspect, the head being foreshortened; ratio 440. 3. Tarsi I; ratio 264. 
4. Dorsolateral aspect; ratio 150. 


Cryptoritatula taishanensis gen. et sp. nov., adult. 
Fig. 5. Dorsoventral aspects, legs omitted; ratio X200. 6. Tarsi and tibiae I; 
ratio X440. 7. Lateral aspect, right mandible showing beyond left; ratio 
<150. 8. Palp, maxillae and labium, ventrolateral aspect; ratio 200. 
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Although difficult to see the eggs through the body, I have 
seen one specimen with two large eggs, each with large vitaline 
area. 

The pseudostigmatic organs most closely resemble those of 
S. corniger (2, Pl. XX, Fig. 62) as also the light spot of the 
notogaster and its two bristles. The notogastral bristles are 
quite different and there is no specialized posterior area on 
notogaster. The sculpturing of the cephaloprothorax resembles 
that of C. patella (2, Pl. XX, Fig. 63) quite closely, as well as 
the sculpturing of the notogaster though it is not so uniform. 

I believe this genus is closely related to Ameronothrus, 
Lichneremaeus, Damaeolus, Caleremaeus, Hydrozetes and 
Scutovertex. The presence or absence of the anterior edge 
of the notogaster may be of no greater significance than it is 
in the subfamily Galumninae. 

Types may be seen at the Museum of Comparative Zoology 
and at Cornell University. 


Cryptoribatula gen. nov. 


Similar to Oribatula but cephaloprothorax much shorter, without 
well formed lamellae; mouth parts large, largely exposed in dorsal 
aspect (much as in the Tyroglyphoids); right mandible in advance of 
the left, distal end curved over the similarly curved left; genital covers 
much larger than anal, each with only three bristles; postanal bristles 
paranal in position. 


Type.—Cryptoribatula taishanensis sp. nov. 


Cryptoribatula taishanensis sp. nov. 
(Figs. 5-8.) 

Diagnostic characters—All_ bristles smooth; cephaloprothoracic 
bristles fairly long; pseudostigmatic organs obovate, short-pedicelled, 
barely projecting beyond rim of notogaster; notogastral bristles twenty, 
medium long. 

Description.—Size: total length 0.33-0.4 mm., length of body 
(not including the mandibles) 0.28—0.34 mm., breadth 0.2-0.25 mm., 
height 0.2 mm.; color whitish, by transmitted light buffish; texture 
smooth, thinly sclerotized so that most specimens are variously in- 
dented; notogaster broadly oval, high; cephaloprothorax small, slender, 
the anterior edge not easily discerned; rostral bristles remote, on anterior 
edge of cephaloprothorax; lamellar bristles longer, more remote; lam- 
ellar bristles still longer, still more remote, inserted close to edge of 
notogaster; lamellae represented by a curved, slight ridge (Fig. 5); 
tectopedia I not developed; exopseudostigmatal bristles may be repre- 
sented by an insertion posterior to pseudostigmata (Fig. 7). 
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Notogaster high-arched, abbreviated along posterior rim, smooth, 
thin; mesal bristles 1-3 lacking, other bristles as in Figure 5; a long 
pseudofissura between bristles bl, c2, and b2; no porose areas 
discerned. 

Ventral plate deep (Fig. 7); tectopedia not distinctly developed, 
bristles not discerned; apodemata I very long, reaching nearly to 
center of sternum, anterior and posterior cerifs long; anterior apodemata 
(that is, those anterior to legs I and usually located along posterior 
edge of camerostome) long, with prominent, long gular spurs (Fig. 5); 
apodemata II-III reaching to beyond edge of genital aperture, ceriph 
small, directed anteriad; apodemata IV short, mesal end approaching 
apodemata II-III; bristle of parasterna I not gular in position; sternal 
bristles distinct, middle pair lacking, posterior pair very approximate, 
close to genital aperture; bristle of apodemata IV has migrated forward 
to near posterior sternals; bristle of parasterna IV close to center of 
genital aperture; genital aperture large, anterior angle distinct, angular, 
sides converging anteriad, posterior edge very strongly invaginated so 
that each cover has a long, angular, posterior lobe (Fig. o): cover 
bristles near mesal edge, the anterior pair most approximate, the 
posterior pair most remote, anterior pair further from anterior edge 
than from middle pair; paramesal bristles near aperture, almost as 
remote as greatest diameter of aperture; paranal bristles slightly more 
remote than diameter of anal aperture, slightly more posteriad than 
anterior edge of aperture (Fig. 5); no pseudofissurae discerned. 

Labium short, broadly exposing maxillae, extending anteriad as 
lateral processes over base of palps, the pair of bristles very long (Figs. 
5, 7 and 8); maxillae prominent, with a separate dorsal chisel (Fig. 8), 
base of each covered by an auxilliary plate which I designate as the 
submaxilla, These plates were noted by Tragardh (4, pp. 215-216). 
Each usually bears two bristles, one near the proximolateral corner, 
the other near the distomesal corner. They are figured by Tragardh 
for Otocepheus pacificus (4, Fig. 2), Plateremaeus vestitus (4, Fig. 7), 
Neoliodes backstromi (4, Fig. 8), Cvmbaeremaeus cymba (4, Fig. 9), 
Neoliodes farinosus (4, Fig. 10). In Hermannia and Nothrus they are 
only partly separated from the maxillae (4, Figs. 5 and 6). In 
Oribotritia they are fairly distinct (according to Tragardh, 5, Fig. 3). 
Finally Grandjean has figured these plates in Acaronychus tragardhi 
(3, Fig. 10B) in which species they are much more extensive anteriad 
and bear five bristles each. In the present species the anteromesal 
pair of bristles are inserted at the center of the anterior margin of the 
plate. Palps well developed, five segmented, proximal segment very 
short (Fig. 8); second segment much the largest, with but one evident 
bristle at center of segment; third and fourth segments short, pro- 
gressively more slender, fourth segment with a fine bristle, distal seg- 
ment slender, bearing two fine bristles and a hooklike style (Fig. 8). 

Legs each with one strong hook, shaft of unguis short, the hook 
joining it on dorsal face; most leg segments cuneate (Fig. 7); femora 
without vestige of a keel; femora I (Fig. 6) with long major bristle 
inserted on dorsodistal edge; tarsi I not cuneate but with distal end 
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bulging distad over shaft of unguis; dorsoproximal quartette lacking, 
dorsodistal end with several closely inserted bristles, one of them- 
stout, curved, resembling a hook; ventral face bristles smooth; tro- 
chanters III and IV mushroomed. For further details see Figure 7. 


Cotypes.—Nineteen specimens picked out of pale green, 
crustose lichens (in which these mites were completely enclosed) 
on large boulders, near Erhu Miao, elevation about 3,000 
feet, on Taishan, Shantung, China; taken July 21, 1923, slide 


2334n1, deposited in Cornell University collection. 
The absence of porose areas and pseudofissurae may be 


correlated with weak sclerotization. 
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BOOK NOTICE 


DIE LEBENSGEWOHNHEITEN UND INSTINKTE DER STAATEN- 
BILDENDEN INSEKTEN, by Dr. Franz Maine. pp. 1-700, 90 text 
figures. Published by Fritz Wagner, Vienna, Austria. Price $18.00, 
paper bound (RM 43.20). 

Doctor Maidl has given us a review of the facts and theories on the habits 
and instincts of the semisocial and social insects. In his preface he states his 
admiration for Reuter’s work, Lebensgewohnheiten und Inskinkte der Insekten, 
which covered the non-social insects and that he has attempted to cover similarly 
the social forms. He found little time for work and found the literature so vast 
that the project has covered a period of twenty years. 

The reviewer has seen only eleven of the twelve or more Liferungen. Probably 
the final one will contain a bibliography and index. The material is divided into 
four sections: Introduction, What are instincts and what are social insects? 
pp. 5-57; I. The food instincts of social insects, pp. 58-250; II. The refuge, 
defensive and nest-building instincts of social insects, and III. The reproductive 
instincts of social insects. 

The major sections are subdivided with appropriate headings but there is 
no table of contents to guide one who wishes to locate particular parts of the 
discussion. We are too busy now days to wade through much which we do not 
need for the items on which we seek enlightenment. The author constantly 
refers to the work of others by author’s name only without any other indication 
in the way of footnote references or text references to the literature. This makes 
the volume very difficult to use as a key to the literature, which we feel that all 
books of this nature should be. 

Except for this heaviness of organization the volume is an excellent review of 
what is known at present of the habits of social insects. But the German price! 


—C. H. K. 





FURTHER NOTES ON EOXENOS LABOULBENEI 
PEYERIMHOFF WITH A DESCRIPTION 
OF THE MALE 


H. L. PARKER, Entomologist, 
and 
H. D. Smitn, Assistant Entomologist, 


Bureau of Entomology, Division of Cereal and Forage Insects, 
U. S. Department of Agriculture 


In 1933 the writers published a preliminary account (4)! 
of their finding of this insect in southern France and gave at 
the same time a résumé of the previous findings by Laboulbéne 
(2) and de Peyerimhoff (5). The triungulinid and last-stage 
larvae? of both sexes and the adult female were described. 

Since this article was written the male of this insect has been 
found and a few additional notes on its habits have been made; 
however, the absorbing questions relating to the host and the 
manner of development remain unanswered. 

Silvestri (7) has recently described both sexes of a strep- 
sipteron, Mengenilla quaesita Silvestri, found in southern Italy, 
near Salerno. The general characters of M. quaesita are 
similar to those of Eoxenos laboulbenei. The differences are 
slight variations in the profile of the larval stage, and the 
‘‘mulberry’’ eyes of the M. quaesita larva; the three-jointed 
tarsi and the four-jointed antennae of the female; and the 
three-branched antennae and narrow tergal plates of the male. 
Silvestri has also discovered at Salerno both sexes of E. 
laboulbenet. 


EOXENOS LABOULBENEI PEYERIMHOFF 


Male (Fig. 1). Length of body 3.5 mm. (specimen not expanded) ; 


length of the wing parallel to long axis of body 5.00 mm., width 3.5 
mm.; depth of metathorax 1.5 mm.; width of humeral angles of scutum 


‘Italic numbers in parentheses refer to literature cited at the end of this paper 

*A detail which escaped the attention of the authors in their previous paper 
is the eye region of the fully grown larva. It is distinctly defined and delineated 
and occupies that part of the head laterad of the antenna; e. g., in Figure 1 the 
portion of the head caudad and laterad of the antenna and dorsad of the front leg 
is the eye or ocular region. In the male larva its outer surface is covered with 
tiny points or granulations rather widely but regularly spaced, representing, 
probably, the emplacement of the imaginal cells of the ommatidia. These granula- 
tions are not nearly so prominent as the eyes of the larva of Mengenilla quaesita 
Silv. (7). 
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0.7 mm. Color chestnut brown; wings smoky. Body and legs covered 
with fine, grayish, silky pubescence. Head (see Figs. 2-5) short, 
transverse, vertex gently rounded with a V-shaped notch on posterior 
border; a vertical fold limiting the frons laterally, and forming a slight 
projection over each antennal insertion; frontal region slightly depressed, 
clypeal border slightly reflexed, protusile, and weakly bilobed. 

Capsule of head extending entirely around the mouth region and 
somewhat extended to form a sort of protruding buccal area and con- 
tinuous with genal, postgenal, and hypostomal regions. No hypostomal 
sutures present, no signs of gular sutures or tentorial fossae; gular 
region or region between the mouth and the foramen magnum (Fig. 5) 
continuous with the postgenal and hypostomal regions, thus forming a 
sort of hypostomal aiden. No tentorial structures of any kind within 
the head. Color of head capsule, including frons, sooty black. 

Antennae (Figs. 1-5) inserted close to eyes and widely separated 
from each other, composed of six joints, the first two, short, transverse; 
third as long as first two, with a long lateral ramus; fourth similar to 
third; fifth as long as third and fourth, without ramus; sixth simple, 
as long as the three preceding segments. The antennae are covered 
with minute hairs and the rami, as well as the fifth and sixth segments, 
are covered with fine sensory (7) pores. Ventrally, on the fourth seg- 
ment, is a sort of sensory chamber with a pore, larger than the others, 
leading to a chamber composed of oval or oblong cells. Color of antennae: 
First two joints and basal part of third very pale brown, the rest ashy 
gray. 

Eyes large, bulging, widely separated, ommatidia close together, 
separated only by narrow black areas covered with short hairs, widely 
separated above, but closer together than the bases of maxillae when 
seen from below. Eyes black, pilosity gray. 

The buccal region is a membranous area approximately circular 
in outline within a short projection formed by the lower part of the 
head capsule (Figs. 3-5). Immediately under the clypeal region, 
but upon the fleshy gnathal membrane, is a slightly differentiated 
area which may represent the degenerated labrum (Fig. 3); the mandibles 
have a basal part and a blade-like distal part; the basal part is fixed 
upon the gnathal membrane in a manner similar to that of such hymen- 
opterous larvae as Vespa, Polistes, etc., and articulates ventrally 
(posterior articulation) with the pleurostoma by means of a slight 
condyle on the mandible which fits into a tiny fossa on the pleurostoma; 
the anterior articulation of the mandible is not pronounced; the blade 
of the mandible is rather long, slightly curved and sharply pointed at 
the apex; in color it is light brown with a darker outer edge and point. 

3elow the mandibles and affixed to the gnathal membrane is a pair 
of two-jointed organs which may represent the maxillary palpi (Figs. 
3 and 5); they are grayish brown in color, second joint somewhat 
longer than first, slender, with scattering sensory pores toward apex, 
both joints covered with short hairs. The mouth itself is a dark 
chitinous cone-like projection in the middle of the gnathal membrane, 
covered by the mandibles and palpi. 
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The prothorax (Figs. 1 and 2) from above is a narrow band wider 
than long, slightly notched in front, somewhat depressed at its middle 
and on sides, grayish brown in color, with a central dark area on each 
side of the median line. The pleural part is not well differentiated; 
the ventral is a transverse sternal piece, with a narrow unbroken 
anterior edge (eusternum) and two quadrangular pieces (sternellum) 
behind this separated by a narrow median suture or thin chitinized 
piece branching from the eusternum which divides about midway of 
the segment, forming a V-shaped notch posteriorly. The front legs 
(Fig. 6) are attached at the outer edges of the two quadrangular pieces. 
The legs (Figs. 1, 6, and 7) are composed of eight joints, a long basal 
joint, either the trochanter (Pierce (6), coxa of Bolivar y Pieltain (/) ) 
or coxa and trochanter fused; a normal femur slightly longer than the 
trochanter; tibia slightly shorter than femur, about as long as trochanter; 
and five tarsal joints, the first two-thirds as long as trochanter, the 
second slightly more than half as long as first, third somewhat shorter 
than second, fourth a little shorter than third, fifth about as long as 
second; claws simple, curved, sharp, no pulvilli on tarsi; color of legs 
light brown. 

The mesothorax (Figs. 1 and 2) seen from above is a thin transverse 
band narrower in the middle than at the sides; seen from the sides it 
widens out considerably, the posterior edge almost touching the humeral 
angles and touching the alar piece of the episternum; the pleural piece 
is almost rectangular, higher (in the ventrodorsal direction) than wide 
(in the longitudinal direction of the body axis); the ventro-anterior 
angle of this piece is a small lobe somewhat darker in color; the anterior- 
dorsal angle bears the slender elytron (Figs. 1 and 2). This organ is 
about as long as the mesothorax is high and is membranous, narrow 
for two-thirds of its length, and slightly widened for its apical third; 
it is dark grayish in color and has an anterior nerve which is elbowed 
near its base and extends for two-thirds the length of the elytron; 
posteriorly at the base is a small scale or bract which may represent 
an anal lobe. Ventrally the mesothorax is similar to the prothorax, 
with the medial eusternal projection less pronounced. 

The middle legs articulate on the outer edges of the sternellum and 
just underneath the ventro-posterior angles of the above-mentioned 
pleural piece; they are similar to the front legs, except that the tro- 
chanter is slightly longer than the femora. 

The metathorax (Figs. 1 and 2) is extremely developed. From 
above it consists of a neck-like praescutum (with a transverse base) 
slightly rounded anteriorly, which is much narrower than and fits 
into the mesothorax; the whole is anterior to a transverse line drawn 
between the front angles of the scuti. The scutum is very distinct, 
with its exterior front angles well rounded and in relief. The scutellum 
is somewhat A-shaped with its apex rounded and extending almost 
to the base of the praescutum; its posterior border is not straightly 
transverse but is curved anteriorly. The postlumbium is a larger 
transverse oval membranous area between the scutellum and the 
postscutellum; this last is very convex, about two-thirds as wide as 





TTT TT MELT Tet 
EE 








1934] Parker and Smith: Eoxenos laboulbenet 471 
long, rounded posteriorly, and, in dried specimens, projecting out over 
the second abdominal segment. All the above areas are rather heavily 
sclerotized and of a brownish color, except the postlumbium, which is 
whitish. Seen from the side the metathorax is thickest (ventrodorsal 
direction) posteriorly; the praescutum is visible only in a small triangular 
area above and in front of the wing articulations; there is no para- 
scutellum. The scutellum and postscutellum are prominent. A 
rather wide piece, the pleurotergite, is visible under the postscutellum; 
the alar piece of the episternum is slender and slightly curved; the 
lateropleurite is somewhat wider than the alar piece; the epimeron is 
divided into an anterior piece or pteropleurite and a wider posterior 
piece, the hypoepimeron; the pteropleurite has a narrow basal piece, 
just above the alar branch of the episternum, which is chitinized and 
pigmented, and above this, just under the wing articulation, is a some- 
what lighter quasi-membranous area extending back to the hypo- 
epimeron; in the middle of this area is a circular brownish area called 
the “‘scutellar piece’? by Pierce (6) and Bolivar y Pieltain (1); this 
piece has a fine rod-like sclerome extending forward to the anterior 
base of the wing; the pleurotergite is a triangular piece just ventrad of 
the anterior end of the postscutellum. Ventrally the sternal parts 
consist of a long ventral piece divided medially, the episternum, and 
two posterior triangular pieces somewhat projecting and cut out from 
the hypoepimeron and separated from each other medially by a space 
(these may be coxal lobes of the epimeron). These pieces bear poster- 
iorly cup-like depressions in which the short trochanters articulate. 

The wing articulation (Fig. 2) is long and extends from the anterior 
angle of the scutum posteriorly for the length of this piece (to a point 
just dorsad of the scutellar piece* where the scutum, the postscutellum, 
the pleurotergite, and the hypoepimeron unite); the wing (Fig. 1) has 
7 apparent veins; the costal fused with the subcostal and forming the 
anterior edge of the wing for about half its length, when it disappears 
to reappear delicately but distinctly marked at about the last third; 
radial and median delicate, well defined, arising together close to base, 
quickly separating, radial slightly longer than first part of subcostal, 
median becoming wider and less distinct at last third; two isolated 
pieces of vein anterior to medial in distal margin of wing and one 
isolated piece posterior to medial; the cubital arises some distance 
from the base and extends to the edge of the wing, where it is widened 
out slightly as if to bifurcate. The three anal veins are simple, isolated 
and strong, the first two almost parallel, the third divergent; posterior 
to the base of the third anal there is a strong triangular pigmented 
piece, and at the posterior point of attachment there is a tiny dark 
similar piece; the surface of the wings and veins is covered with micro- 
scopic spines which, on the membranous parts, are arranged in groups 
of 6 to 10 units. The hind legs are similar to the first pair, except 
that the trochanters are short, obliquely truncate cones articulating 
within the coxal lobe of the epimeron. 

3In all the male Strepsiptera observed the wing attachment is quite long, 
and not merely at the base of the subcosta, radius, etc. 
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The abdomen (Figs. 1 and 2) when extended is slightly longer than 
the head and thorax together; in dried specimens it is about as long as 
the metathorax. It is composed of 10 segments: The first, homologous 
to the propodeum in Hymenoptera, is apparently fused into the meta- 
thorax between the postscutellum and the hypoepimeron; the second 
is annular, with a wide dorsal chitinized plate,’ or tergite, and a similar 
ventral plate, or sternite; a pleural area, equal to about two-fifths of 
the vertical diameter of the abdomen, is between the tergite and the 
sternite; the third to eighth segments are similar to the second but 
slightly smaller posteriorly; the ninth is a sort of transverse sclerite 
longer above than below, with its ventral part somewhat detached or 
free and its posterior surface concave; at its ventral border the oedeagus, 
a slender sharply-pointed slightly-curved tube, lies folded dorsally and 
forward within the concavity; the tenth segment is tubelike and is 
attached near the dorsal border of the ninth. There are seven pairs 
of spiracles; the first is on the propodeum in the angle formed by the 
pleurotergite and the hypoepimeron, the following six are on the mem- 
branous pleural area of the next six abdominal segments. 


This is the first published description of the male of E. 
laboulbenei Peyerimhoff. The specimens from which it is 
drawn have been deposited in the United States National 
Museum. 


BIOLOGICAL NOTES 


On August 12, 1932, the writers visited the habitat of this 
insect at Tourves, Var, France, and found only empty shells 
and females of the previous year’s material. 

Visiting this field again on September 9, 1932, the writers 
found the following material of this insect: 6 empty female 
larval skins probably aged from one to four years; 4 larval 
skins with the adult female (apparently newly formed) inside; 
3 other female larval skins with the female pupa inside; 2 
empty male larval skins lacking head and first thoracic segment; 
3 male larval skins with male pupa inside; 1 male larva in 
quiescent stage, with contents shrinking away from body walls 
and pupa apparently forming (the pupa formed September 10, 
the adult September 22, and the latter issued on September 23). 


‘It is apparent from the illustrations which the writers have seen that these 
plates have not always carefully been observed in the descriptions of Strepsiptera 
The writers have a male specimen of the family Xenidae bred from Polistes gallicus 

L.) at Hyeres, Var, which resembles Xenos vesparum Rossi. The tergal and 
ventral abdominal plates are quite distinct and very narrow, being about as wide 
as the basal part of the ninth segment. To observe these plates easily the speci- 
men must either be fixed while fresh and distended or it must be distended by 
soaking in a weak solution of potash. 
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From careful observation of these findings and later nota- 
tions on their comportment the writers are able to clarify 
several small points not noted in the previous publication. 
The first of these is that in some cases the female issues from 
the old larval skin when she is fully formed and leaves the 
pupal membrane almost intact within the old larval shell. 
This membrane is similar to the adult, as would be expected, 
in its general conformation; it is thin and almost transparent; 
the joints of the legs and antennae are not so clearly defined 
as in the adult, but this is to be expected. When emerging 
in this manner the female ruptures the nymphal membrane 
dorsally and anteriorly, and pushes the head off the old larval 
skin; the tergum and sternum are pried apart slightly as she 
forces her body out between them; the rest of the larval skin 
is left intact with the aforesaid pupal membrane within it. 
(This membrane may easily be mistaken for the adult within 
the larval skin.) The females which emerge scramble around 
in the vials in which they are kept in a most lively manner, 
waving their antennae about rapidly for 24 to 48 hours; then 
they lie quietly as if dead, reviving two or three days later 
and repeating the process. Several females which emerged on 
September 14 kept up this activity until September 26, when 
they seemed to quiet down permanently, although it cannot 
be said that they died on that date, in fact, it is not known 
just when death occurred, as it seemed to come on slowly. 
However, by October 16 all were dead. 

It is probable that in nature the emerging females crawl 
away and establish themselves in some favorable spot or cell 
(perhaps with or near a supply of suitable hosts?), where they 
can successfully pass the following winter and spring. 

In other instances the female does not issue from the old 
larval skin, but remains within it all winter, as pointed out in the 
previous paper. To rid herself of the old pupal membrane, 
however, she apparently wriggles around within the old larval 
shell, and these movements push off the head of the larval 
skin; fragments of the nymphal membrane are pushed down 
into the posterior end of the skin; and other fragments are 
worked out through the hole left whence the head was pushed 
off. Whenever the female remains within the skin the nymphal 
membrane is torn to pieces. In other but very rare instances, 
the female remains within the skin without pushing off the 
larval head. 
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It is difficult to explain why some females do not emerge 
from the old larval skins, unless it is that after going through 
this process of ridding herself of the nymphal membrane the 
female is exhausted and pauses to rest; then, finding herself 
so well installed in this old larval shell, she just settles down 
there for the winter. Or it may be that she struggles to get 
out but does not have strength enough to separate the two 
halves of the larval shell and is therefore held prisoner within it. 

Emergence of the male is accomplished very slowly over a 
period of about 24 hors. By slow contortions it rids itself 
of the nymphal membrane and gradually works its way forward, 
pushing against the front end of the larval skin until the head 
and prothorax fall off; it then works its way out. None of the 
males observed were very active, but rested on the floor of the 
cage, occasionally attempting to fly or fluttering their wings. 
One male, which seemed more active than the others, was 
placed in a vial with an active newly emerged female. At 
once the activity of the male increased. He took a lively 
interest in the female, scrambling about over her and fluttering 
his wings. Apparently the male mated with the female, as 
he was observed several times to mount upon the latter and 
curve the tip of the abdomen under that of the female; the 
male oedeagus was observed to straighten out upon its hinged 
base into a line continued with the longitudinal axis of the 
body; thus when the male’s abdomen was brought forward 
under that of the female, the oedeagus was directed upward and 
forward. It was not observed that the oedeagus was inserted 
within the genital opening of the female, but in many of these 
repeated attempts at copulation it seemed to pierce the ventral 
skin of the abdomen, sometimes near, sometimes far from the 
genital pore. Eventually the male ceased activity and died. 
Other males died within two or three days of emergence, which 
indicated that the life of the male is rather short. 

Another visit to the Tourves field was made by the writers 
on August 24, 1933, in an attempt to find live larvae of this 
insect. Notwithstanding the two weeks’ advance over the 
previous year (due perhaps to a warmer summer), the findings 
were much the same as before: five empty male shells were 
found, three of which looked as if they might be this year’s 
generation; and three empty female shells, all of which were 
apparently of previous years. In addition to the above, five 
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male shell skins were taken, two of which contained white 
pupae and three of which contained pupae turning dark or 
nearly ready to emerge; four headless larval skins with adult 
female inside; and one skin with female pupa within. On 
August 30 three males and one female issued; on September 2 
the other male issued. The other females remained within 
their larval skins. 

Since discovering this insect the writers have taken at 
various times a total of 34 female larval skins and 37 male 
skins. From these they have obtained 9 living males and 
16 females. 

SYSTEMATIC DISCUSSION 

The name Eoxenos laboulbenei was given to this insect by 
de Peyerimhoff (5) in 1919, when he obtained first-stage larvae 
from a female collected in Algeria. He determined the female 
as being most probably the same species as that taken by 
Laboulbéne, in 1874, near Cannes in southern France. By 
comparison with Laboulbéne’s figures, the writers have also 
determined their species to be the same as that found by him. 
However, as pointed out in the previous paper, there are some 
differences between the writers’ triungulinids and those figured 
by de Peyerimhoff, to wit: Our specimens have four setae on 
the end of the abdomen, a longer seta representing the 
maxillae (?), and no seta in the angle of the eye, while that of 
de Peyerimhoff has two terminal setae, a short maxillary seta, 
and a seta in the corner of the inner angle of the eye. However, 
de Peyerimhoff specifically stated, when he described the 
species and erected the genus Eoxenos, that he intended the 
name E. laboulbenei for the species discovered and discussed by 
Laboulbéne in 1874. Therefore, if we are dealing with two 
different species it is more probable that the spécies from 
Tourves, Var, which is only about 100 Km. from Cannes, is 
identical with the original of Laboulbéne, and that the one 
found in Algeria is another species. If so, the discovery of 
the male will confirm it and the latter can be renamed. 

In 1926 Bolivar y Pieltain (/) described a new species of 
Strepsiptera from males taken at lights’ in Spain as [beroxenos 
primitivus, family Mengenillidae. Bolivar y Pieltain in con- 

‘The writers attempted to collect by this method at Tourves, but no Eoxenos 
came to the light. 
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versation with the writers said that he thought this insect might 
be the male of the species discovered by Laboulbéne. The 
writers have examined a specimen of J. primitivus® and they 
are of the opinion that it is the same species, there being only 
one principal point wherein J. primitivus differs from E. 
laboulbenei and that is in the length of the maxillae. In the 
writers’ specimens they seem to be a little shorter and less 
slender than in J. primitivus. 

De Peyerimhoff places the species Eoxenos laboulbenei by 
inference in the family Xenidae and it is evident from the 
characters of the triungulinid that it belongs there, for the 
larva is very similar to that of Xenos vesparum Rossi and 
Pseudoxenos shaumii Sanders, as described by Ogloblin (3). 
The characters heretofore used by Pierce et al in classifying 
the Strepsiptera place the adult male in the superfamily 
Mengeoidea. Bolivar y Pieltain divided the family Men- 
genillidae into two subfamilies: Iberoxeninae, having six 
jointed antennae, with the third and fourth ramified; and 
the Mengenillinae, having the third, fourth, and fifth ramified. 
Ulrich (8), in his excellent treatise, reproduces figures of 
Mengenilla chobauti Hof., of Eoxenos, and of Iberoxenos, and 
gives a summary of classification. 

The writers stated in an earlier article that the female of 
this insect bore an apparent relation to certain Coleoptera, 
although they did not ally the Strepsiptera by any definite 
opinion or characters with that order. At present, after 
having studied more carefully both sexes of this strepsipteron 
and having compared them with Hymenoptera and Coleoptera, 
the writers are somewhat less convinced that the Strepsiptera 
should be included in any other order. 

The principal objection to allying this group of insects with 
the Coleoptera is the fact that the head is so different in 
structure. The head of Coleoptera often in the larval and 
generally in the adult stages has internal tentorial structures 
or their vestigial remains; tentorial fossae both anterior 
(insertion of frontal rami of tentoria) and posterior (gular 
pits); a more or less well defined gular region or its vestigial 
representative; and the labium usually well developed or 
represented, whereas the Eoxenos (and Mengenilla quaesita 


‘This specimen has been deposited in the United States National Museum 
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may probably be included here also), which is the most primitive 
of the Strepsiptera and consequently the one which should 
show in a most striking manner the characters by which the 
group might be related to another group, has no tentorial 
structures, fossa, or defined gular region, but has the hypostomal 
areas fused ventrally to form a uniform postgenal bridge and 
no stage has a defined labium or labial region. 


l 





LITERATURE CITED 


Bolivar y Pieltain, C. 1926. Estudio de un nuevo Mengenillidae de Espana 
(Streps. Meng.) Eos. 2 (1): 1-138, illus. 

Laboulbéne, A. 1874. Note sur une nymphe d’insecte Coléoptere incluse 
dans la peau, durcie et pupiforme, de la larve, trouvée a Cannes au mois 
de mars 1870. Ann. Soc. Ent. de France 43: 45-48, illus. 

Oglobin, A. 1924. New and little-known Strepsiptera from Poland. Pols- 
kiepismo Ent. 3 (4): 113-122, :llus. 

Parker, H. L., and Smith,H. D. 1933. Additional notes on the Strepsipteron 
Eoxenos laboulbenei Peyerimhoff.. Ann. Ent. Soc. Amer. 26 (2): 217-233, 
illus. 

Peyerimhoff, P. de. 1919. Un nouveau type d’insectes Strepsipteres. Bull. 
Soc. Ent. de France 9: 162-173, illus. 

Pierce, W. D. 1918. The comparative morphology of the order Strepsiptera 
together with records and descriptions of insects. U.S. Natl. Mus. Proc. 
54: 391-501, illus. 

Silvestri, F. 1933. Descrizione della Femmina e del Maschio di una nuova 
specie di Mengenilla Hofeneder (Strepsiptera). Bol. Lab. di Zool. gen. ed 
igr. del R. Ist. Super. agr. di Portici 28: 1-19, illus. 

Ulrich, W. 1930. Ordnung: Facherfliger, Strepsiptera Kirby (1813). Tier- 

welt Mitteleuropas 5 (2): 1-26, illus. 


‘uor}isod [BWIOU UI BUIM yYSII !A[9oIJ VOWOPe 94} MOYS 0} o/suUL 
JO119}S0d JauUL S}I Je pIEMINO Popl[Oj Burm yoy sapeur y[Npe “souaq?nogn) souaxoy “| “Big 


> 
= 
S 
& 
Y 
. 
S 
=| 
o 
ow 
me 
a 


€ 


P 


Eoxenos laboulbenei 
















PLATE IT 


Eoxenos laboulbenei 
Parker and Smith 





Figs. 2-7. Eoxenos laboultenei, adult male: Fig. 2, body seen from left side, legs 
and posterior wing detached in part; Fig. 3, head seen from below with certain 
sclerites of thorax, and sternal attachments of front coxae; Fig. 4, head, front 
view; Fig. 5, head seen from behind, showing foramen magnum, mouth parts 
with one maxillary palpus removed, and conical mouth; Fig. 6, front leg; 
Fig. 7, hind leg. 
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AN ENTOMOLOGICAL FORECAST 


HERBERT OSBORN 


It is scarcely more than a century since Say and Harris were 
laying the foundations for American Entomology, scarcely more 
than a half century since the activities of Walsh and Riley 
were making an impression on public authorities which brought 
state and federal support for entomological investigation. If 
we consider only the achievements in entomology during the 
past half century we can visualize the rapid advances in our 
science, but more than that we can form some conception of 
the possibilities for future advance on the foundations that have 
been laid. At present, and in spite of many discouraging con- 
ditions, important discoveries and the appearance of such 
progressive publications as new editions of Imms and Folsom 
(the latter with Wardle as joint author) and the Manual of 
Diptera by Curran along with the high standards maintained 
by our entomological journals give abundant testimony to the 
constructive activity of the present period. 

Alluring problems in distribution, migration, adaptation, 
ecology and other fundamental phases of insect life as well as 
those which vitally affect human comfort and human welfare 
must continue to attract students of biology, and all others 
imbued with a desire for knowledge in its widest sense. 

New fields scarcely glimpsed or entirely unknown a genera- 
tion ago are coming into view and offer unlimited opportunity 
for research workers of the coming generation. All kinds of 
problems present themselves in the complications of insect 
borne diseases of plants and animals and unexplored possibilities 
in control of insect plagues both by artificial and natural 
measures must engage the attention of entomological workers 
for generations to come. 

When I am asked by prospective students as to the future 
possibilities in entomology I can only answer, as I have for 
many years, that there are ever pressing problems in this as in 
other sciences and that the future must belong to those most 
thoroughly equipped by character, training and courage to 
meet the needs of the time. 

If we can look beyond the discouragements of the present 
moment or view them in the light of past experience or history 
we are warranted, I believe, in expectation of future achieve- 
ments that will bring honor to all who have the faith and 
endurance to devote themselves to a branch of science which 
has been an inspiration to a long list of devotees. 
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THE EARLY EMBRYOLOGICAL DEVELOPMENT OF 
PHORMIA REGINA: DIPTERA (CALLIPHORIDAE) 


MARY AUTEN, 


Ashland College, Ashland, Ohio. 
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The study of dipterous embryology dates back to Kolliker 
(1843) when he made the first observations on Diptera which 
had any bearing on embryology. Kolliker no doubt saw the 
blastoderm on the surface of the egg. Weismann’s outstanding 
work on the development of the fly in the egg appeared 
in 1863-64. It was Kowalevsky who revolutionized re- 
search in insect embryology in 1871, first using the methods 
of microscopic anatomy and so initiating the period of modern 
research in the field. He studied the development of a large 
number of insects and discovered their germinal layers. The 
most extensive of all work on dipterous embryology is that of 
Graber (1879, 1888, 1889, 1890) in which he covers nearly 
the whole ground of the muscid embryological development, 
beginning with cleavage and concluding with a description of 
the nervous system and formation of the imaginal discs. Graber 
made comparisons of the embryology of various insects and 
studied especially Lucilia caesar L. and Calliphora vomitoria. 
Gambrell (1933) lists Diptera which have been studied embryo- 
logically up to 1932. 

Since Phormia regina Meig. is of important medical signif- 
icance, being used in the treatment of infected wounds, Robinson 
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(1933), and since other phases of its life history and habits 
are being studied and abundant material is available, it was 
suggested that this would be an interesting species to use in 
the study of insect embryology. The only reference to embryo- 
logical work on this genus, to my knowledge, is that of Noack 
(1901) in relation to his study of the formation of pole-cells 
in Calliphora erythrocephala Meig. He makes brief reference to 
Lucilia illustris M.and L. (Phormia) regina (M.). 

I find that the total embryonic period varies from twelve 
to seventeen hours depending on the temperature and other 
environmental factors. My studies carry the embryo through 
gastrulation, which comprises about the first four hours after 
deposition. Thus one-fourth to one-third of the whole em- 
bryonic period is dealt with here.' 


METHODS AND TECHNIQUE 


Approximately four hundred slides, each containing one egg were 
prepared and examined for this study. The majority of the eggs 
were in the first four hours of their developmental period, although 
some sections were made of later stages. The greater part of the 
material was obtained from flies reared by Dr. D. F. Miller and J. G. 
Haub at Ohio State University. Rearing methods were identical 
with those used in the hospitals for the treatment of osteomyelitis. 
(See Haub and Miller 1933, and Turtox Service Leaflet No. 49.) 
During the summer of 1932 I reared flies for this work at the Stone 
Biological Laboratory. 

Eggs were collected every half hour, for the most part during the 
night, simply as a matter of convenience. The collections were begun 
immediately after the deposition of the eggs. Hot Kahle’s and hot 
Bouin’s fluid were used to kill the embryos and the chorions were 
pricked after the eggs had been in the killing fluid for five minutes. 
Escherich (1900) recommends pouring hot water (75°-S0°C.) over 
the eggs to separate them. I found that the eggs separated by the 
use of hot Bouin’s fluid. For fixing Escherich placed them in picric 
acid to which a few drops of perosmic acid were added “about 25 cc. 
6 m. for 2 drops” in which they remained several hours. By the use 
of perosmic acid he obtained better results as to cell walls than with 
pure picric. - This would be a method well worth investigating for the 
cell walls in some of my slides were not distinct. I fixed the embryos 
in hot killing fluid in which they were allowed to remain from six to 
twenty-four hours. The chorions were pricked and removed accord- 
ing to the method described by Gambrell (1933). Fixed eggs were 





‘Appreciation is extended to Dr. C. H. Kennedy, who directed this study 
and so willingly allowed me the use of his extensive embryological library; to 
Dr. D. F. Miller and Mr. J. G. Haub for their laboratory facilities and materials. 
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preserved in 70 per cent alcohol for varying lengths of time and it 
was found that the chorions were much more easily removed after the 
eggs had remained in the 70 per cent alcohol for a few days. For 
the earlier stages it was found unnecessary to remove the chorion. 
Following dehydration, the eggs were cleared in clove oil for total 
mounts and in cedar oil for sections. Some of the eggs were embedded 
in paraffin while most of them were embedded in bayberry wax, 
paraffin and rubber mixture, Kennedy (1932, p. 48). Both the paper 
box and syracuse watch glass methods of embedding were used. 
Orientation of the eggs was made easier by first staining them in 
eosin. <A block contained one to four eggs arranged end to end. 

Sections were cut 3 and 4 microns thick and the following stains 
tested: Lyons Blue, Ehrlich’s Hematoxylin, Delafield’s Hematoxylin, 
Congo Red, Gallocyanine, Heidenhain’s Iron Hematoxylin with picric 
acid and Orange G counter stains. The Heidenhain’s Iron Hema- 
toxylin and picric acid proved the most satisfactory for sections. 
Borax carmine, Lyons blue, acid fuchsin and alum carmine were used 
for staining in toto. 

The following schedule was used for the preparation of material 
for sectioning: From the 70 per cent alcohol to 95 per cent eosin 10-15 
minutes (until lightly stained); 100 per cent alcohol 30 minutes; Cedar 
oil and absolute equal parts, 15 minutes; Cedar oil 114% hours or until 
clear; Rinse in xylol 2 minutes; Melted paraffin or paraffin rubber 
mixture 2 hours or longer (3 changes); Embed, section, and mount 
on slides using egg-albumin fixative; Dry twenty-four hours. 

The schedule given by Kennedy (1932, p. 46) for staining with 
Heidenhain’s Iron Alum and picric acid was used with the following 
modifications. Instead of the slides remaining in Heidenhain’s for 
one hour, they were placed in 2.5 per cent Heidenhain’s for 12—24 hours. 
Several changes of distilled rather than running water during a twenty- 
minute period were used. The insertion of a ten-minute period in 
alcoholic picric acid follows the 95 per cent alcoholic dehydration 
stage just before clearing. Hyrax with a refractive index of about 
1.80 served as a mounting medium in all of the later work and gave 
clearer definition than the balsam. 

Tanquary (1913) uses a method of staining in bulk with Ehrlich’s 
Hematoxylin and then counterstaining the sections on the slide with 
Orange G. This method proved satisfactory in my work in some 
cases after the removal of the chorion. The chief difficulty encountered 
was the shrinking of the eggs when placed in the stain. Because of 
the glycerine in the stain the sections should first be dehydrated. 
From the 70 per cent they are placed in 95 and 100 per cent alcohol 
and then run down to 70 per cent from which they can go into the 
stain. This eliminates some of the shrinking. The stain requires 
about a day and a half and does not overstain. After sectioning, the 
material simply needs to have the paraffin removed with xylol, run 
down to 95 per cent orange G, then up rapidly to the mounting 
medium through absolute alcohol. 

Borax carmine 24 hours, Lyons blue 2 minutes and Ehrlich’s Hema- 
toxylin 10-15 minutes each proved to be a good stain for total mounts. 
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The chief technical difficulty in the preparation of insect embryos 
for study is that of fixation. Vitelline and chorion membranes are 
the principal obstacles which prevent the fixing fluids from entering 
the eggs. The main reason that these membranes are difficult to 
penetrate is their thickness but according to Lecallion (1898) it often 
happens that thin envelopes are also impermeable. The eggs of the 
bee for example have a very thin chorion and no epichorion, at least 
not a noticeable one; they are none the less impermeable to fixing 
fluid. Grassi (1882-1884) used the piercing method in his work on 
the embryology of the bee. Henking (1891) divided eggs of insects 
into soft and hard-shelled eggs, but as he found both types are im- 
permeable to fixing fluids, he concluded that heat was necessary in 
fixation. The action of heat, however, makes the vitellus brittle, 
hindering the making of thin sections and bringing about the displace- 
ment of certain vitelline elements which alters the structure of the 
embryo. It is best to use, wherever possible, fixing fluids with great 
power of penetration and to carry the temperature no farther than 
1) or 50°C. For the eggs of Phormia regina, however, hot (70° C.) 
Kahle’s and hot Bouin’s in combination with the pricking method 
were found satisfactory. 


EGG LAYING. THE EGG IMMEDIATELY AFTER DEPOSITION 


In the laboratory the eggs of Phormia regina are laid in masses on 
lean beef, especially in the crevices on the under side. The number 
deposited at one time varies, the average being 75-100. The total 
number would probably be around 300 for I dissected 316 eggs from a 
mature female. 

The eggs are pearly white, elongate, more pointed at the anterior 
than at the posterior end, slightly concave on the dorsal and a little 
convex on the ventral side. They vary somewhat in size but are 
about 1,022 microns long, 210 m. wide at the posterior end and 140 m. 
wide at the anterior end. Two membranes cover the egg, the outer 
chorion and the inner vitelline. The chorion is thin, tough and 
sculptured, in the latter respect differing from the chorion of the black 
fly, Gambrell (1933). This sculpturing consists of pentagonal and 
hexagonal meshes. The vitelline membrane is very thin and structure- 
less. It sometimes adheres to the egg and sometimes to the chorion. 

The egg mass is composed of two parts, the inner anastomosing 
protoplasm in which is held the food bodies, and the outer cortical 
layer. Weismann (1863) proposed the name ‘‘ Blastodermic blastema”’ 
or “Keimhautblastem”’ for this outer layer of protoplasm since he 
thought that the blastoderm nuclei arose from it spontaneously. 
Food bodies consist of flattened or spherical yolk particles of yarying 


$1ze. 


DEVELOPMENTAL PERIODS 


No special attempt was made in this study to get eggs of exactly 
the same age, since the eggs as laid by the female differ in their stages 
of development due to retention in the body after fertilization until 





— 
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such time as suitable laying conditions obtain. Had the eggs first 
laid during a given period of collection been rejected and only the 
later eggs used, more accurate age records might have been secured. 
The determination of the exact time of fertilization, the relation of 
temperature, humidity, etc. to oviposition is a problem in itself, the 
treatment of which is not attempted here. 
I have grouped the changes which occur into the following periods: 
I. Segmentation or cleavage. 
II. Establishment of the blastoderm. 
III. Formation of the pole-cells or primordial germ cells. 
IV. Migration of the germ-cells. 
V. The yolk cells. 
VI. Gastrulation. 
VII. Closure of the gastrular groove and formation of mesoderm. 


There is considerable overlapping in the second, third, fourth and 
fifth divisions, for these processes are occurring simultaneously as we 
shall see later. 


I, SEGMENTATION OR CLEAVAGE 


This period includes all stages from fecundation to the formation 
of the blastoderm around the vitelline mass. In the majority of eggs 
this occurs during the first two hours after deposition. However, in 
a few four- and five-hour eggs early cleavage stages appeared. Dawy- 
doff (1928) gives three methods of segmentation found in insects. 
These are: (1) total segmentation; (2) total segmentation following 
superficial and (3) segmentation purely superficial. The third type 
is the most characteristic in insects and is the kind found in Phormia 
regina. 

The formation of the blastoderm occurs very slowly. Eggs killed 
as late as five hours after they were laid were found to be in process 
of blastoderm formation. 

The earliest cleavage stage was found in an egg killed immediately 
after it was laid. The nucleus was undergoing its first division and 
was located in the anterior one-third of the egg as is shown in the 
longitudinal section Pl]. I, Fig.3. A transverse section through a similar 
stage is illustrated in Pl. I, Fig. 2. 

That the first nuclei are not central but lie nearer the anterior 
pole than the posterior end has been observed by Weismann (1864) 
in Chironomus, Kowalevsky (1887), Grassi (1882-84) and Dickel 
(1904) in Apis, Bobretzky (1878) in Pieris, Heider (1889) in Hydro- 
philus and Carriere and Burger (1897) in Chalicodoma. The cells 
resulting from this first division separate and move toward the center 
of the eggs, where they part still further, Pl. I, Fig. 5, and undergo 
another division; there are now four cells near the center of the egg, 
Pl. II, Fig. 6. 

Each nucleus is surrounded by a halo of protoplasm and the cell 
thus formed is quite like an amoeboid wandering cell. All of these 
protoplasmic islands are connected by a fine network and thus the 
whole egg constitutes a syncitium. Even though these centers are 
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not distinctly marked off from each other they are termed cleavage 
cells. 

The next division which occurs regularly produces eight cells; 
three nuclei of these cells are shown in Pl. II, Fig. 7, and the other 
cells are indicated by a portion of their protoplasmic halos. 

The cells divide simultaneously and migrate toward the periphery. 
They become arranged in the form of a sphere almost parallel to the 
surface; in transverse section, Pl. II, Fig. 8, they appear to be almost 
in a circle. Voeltzkow (1889, Pl. I, Fig. 5,) shows a similar stage. 
The protoplasmic connections of two adjacent cells as seen in PI. IJ, 
Figs. 8 and 10, indicate their origin from a single cell. 

The major portion of the cells reaches the periphery and fuses 
with the protoplasm there. My sections show that this occurs in all 
parts of the egg at approximately the same time, although, as seen 
in Pl. III, Fig. 12, there is indication that they reach the poles slightly 
earlier than the other parts of the egg. 

While cleavage nuclei migrate to the periphery, protoplasmic 
patches also migrate and large vacuoles are left within the eggs, PI. 
III, Fig. 11. These vacuoles may be partly artifacts caused by the 
dissolving of materials in the preparation of the sections. The point 
at which the cleavage cells first reach the surface varies in different 
insects according to Korshelt and Heider (1900). In Muscidae (Graber, 
1889) they first reach the posterior pole, while in Apis (Kowalevsky, 
1871), Pieris (Bobretzky, 1878), and Chironomus (Weismann, 1863) 
the first blastoderm cells were noticed at the anterior pole. In Hydro- 
philus (Heider, 1889) the blastoderm forms around the middle of the 
egg in a girdle and develops last at the poles. In Blatta (Wheeler, 
1889) and Gryllotalpa (Korotneff, 1894) the first cells appear at the 
future ventral surface. 


II. ESTABLISHMENT OF BLASTODERM 


When the cells have attained the periphery they are still connected 
by cortical protoplasm. There are no cell walls and only a slight 
irregularity of the surface (in section a wavy line) shows where the 
nuclei have come to the surface and have pushed some of the proto- 
plasm ahead of them, making tiny bulges on the periphery, Pl. III, 
Figs. 11 and 12. Next slight clefts occur between the nuclei, Pl. III, 
Fig. 13, which indicate separation of the cells of the blastoderm from 
each other. At this stage the cells still form a syncitium. The nuclei 
have migrated quite near to the surface and there is now only a narrow 
strip of protoplasm between them and the outside. A few of the 
cleavage cells remain in the center of the egg among the yolk globules. 
These form yolk cells which will be described later, Pl. III, Fig. 13. 
Subsequent to the arrival of the cleavage cells at the periphery there 
occur further mitotic divisions. Some of the spindles form at an 
angle to the surface and not parallel to it. These oblique divisions 
give to the blastoderm a two-layered appearance, Pl. III, Fig. 16, 
as shown in Nelson (1915, p. 36, Fig. 15). This, according to Nelson, 
is not an actual two-layered blastoderm, but only appears so because 
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many of the cells which are next to the periphery are pyriform in 
outline, with their slender ends reaching inward to the basement 
membrane. These pyriform cells alternate more or less regularly with 
the shorter ones next to the basement membrane. This apparent 
two-layered condition was described by Kowalevsky (1871) who 
thought it to be an artifact due to the action of the fixing agent. He 
supposed that it contracted the cells which first appeared at the 
surface of the egg, closing up the spaces between them and crowding 
them down on the cells which arrived later. Petrunkevitsch (1901, 
Pl. IV, Fig. 24) has shown this same stage for the drone bee, and 
Marshall and Dernehl (1905, Pl. XI, Fig. 43) have described the 
oblique division of the blastoderm cells for Polistes. Only a few of 
my sections show the blastoderm at this stage. 

The division into separate cell territories, corresponding to the 
cleavage nuclei, now occurs by furrowing of the cortical protoplasm. 
These furrows gradually sink through the entire protoplasm. The 
so-called inner cortical protoplasm, consisting of coarse granular proto- 
plasm makes a rather thick layer between the forming blastoderm 
and central yolk mass. It is more or less separated from the outer 
cortical layer by yolk globules, Pl. III, Fig. 15, and Pl. V Figs. 25 and 
26. This inner part is very slowly absorbed by the blastoderm cells 
but is finally incorporated in them, Pl. VI, Figs. 32-85. Some yolk 
globules, as will be shown in later stages, also come to lie within the 
cell membranes. Thus the blastoderm cells gradually increase in 
height and form a continuous layer of cells over the surface of the 
egg. This completes the formation of the blastoderm. 


III. FORMATION OF POLE-CELLS OR PRIMORDIAL GERM CELLS 


For the most part the germ cells form during the first and second 
hours after deposition. In a few cases a freshly deposited embryo 
had already produced germ cells. 

At the posterior pole in each of the youngest eggs studied there is 
found a specialized ooplasm, readily distinguished by its lack of yolk 
spheres and the presence of polar granules. These granules form a 
plate, termed the posterior granular plate, which is directly connected 
with the formation of the germ cells, Pl. IV, Figs. 17, 18. (See Noack, 
1901, Pl. II, Figs. 17-23, for comparison with Calliphora erythrocephala.) 
In Phormia regina this plate does not extend over the whole tip of the 
egg, but is on the dorsal side only, covering about one-third of the 
periphery and extending from the posterior tip of the egg about 44 
microns anteriorly, Pl. V, Fig. 27. By some authors, Hegner (1911), 
Gambrell (1933), these granules are referred to as germ cell determi- 
nants. Huettner (1923) thinks it is rather doubtful that they are 
germ cell determinants since their quantitative distribution is not 
fixed, some pole-cells receiving many more granules than others. Their 
nature is still to be determined. 

The posterior granular plate stains deeply with Heidenhain’s 
and the granules are somewhat larger than the protoplasmic granules 
surrounding them. I found no indication in my sections of a shorten- 
ing, or rodlike condition of the granules, nor was there a dissolving 
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of the plate making a cloudy appearance as Noack describes for 
Calliphora. 

During the later cleavage stages, when the cells make their ap- 
pearance at the periphery of the egg, those cells approaching the 
posterior pole take on a different form from the cells at the anterior 
pole and those on the sides of the egg. They become slightly enlarged 
and their nuclei assume a rounded form. The plate becomes separated 
into as many parts as there are cells coming in contact with it, and 
it builds around each a peripheral mass, half-moon shaped in some 
cells, Pl. IV, Fig. 22, of fine granular material. (Compare with Noack, 
1901, Pl. II, Figs. 24-28). These uniform dark staining granules 
give to the pole-cells a characteristic appearance which they retain 
for a considerable time. Thus we have here a distinct cell differentiation. 

Next these first formed pole-cells, or primordial germ cells, pro- 
trude from the surface and as long as they lie next to each other they 
show a rather elongate, round shape and are set upon a broad base. 
At this time they are connected with the yolk protoplasm, PI. IV, Fig. 21. 

By mitotic division, Pl. IV, Fig. 20, these first pole-cells which 
have come in contact with the pole plate multiply and through mutual 
contact become cuboidal (see Noack, 1901, Pl. II, Fig. 27) and crowd 
together, Pl. IV, Fig. 28. They then lose their connection with the 
yolk protoplasm, become rounded and lie free from the periphery 
just underneath the chorion, Pl. IV, Figs. 22, 24. 

In Lucilia caesar L. as described by Graber (1889) the pole-cells 
are not so distinctly marked off from the posterior end of the eggs as 
Noack found in Calliphora erythrocephala (1901, Pl. II, Figs. 29-31) 
and as I found in Phormia. 

The stages in which the pole-cells are freed from the periphery of 
the eggs were obtained in sections much more readily in those eggs 
which had not had the chorion removed from the posterior end. It 
may be that they were torn away in those eggs from which the chorion 
had been entirely removed. 

I found that the number of pole-cells varies from 5 to 20 in different 
eggs at different stages. This variation agrees with what DuBois 
(1932) found in her study of Sciara where there are from 22 to 28. 

As to the formation of the pole-cells, Noack (1901) and Huettner 
(1923) agree in the following three points which I have found in general 
to be true for Phormia regina: 


1. There is a variable distribution of polar granules; the central pole-cells 
contain the most granules. 

2. From 15 to 20 polar nuclei are pushed out posteriorly at one time, the 
central polar nuclei leading. (Here the number in Phormia varies. ) 

3. It is impossible to be sure whether some of the lateral nuclei will form 
pole nuclei or blastoderm nuclei. 


Hegner (1914) describes the process differently. He says: “Four 
nuclei lying near the posterior end of the egg are recognized by their 
position as pole-cell antecedents; (2) these four nuclei divide producing 
eight daughter nuclei which move close to the periphery of the egg; 
(3) these in turn divide resulting in sixteen nuclei arranged in pairs, 
each of which separates entirely from the egg, carrying with it a portion 
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of the ‘Keimhautblastem’ containing pole-dise granules; (4) the six- 
teen primary pole-cells divided to form thirty-two secondary pole-cells; 
these divide resulting in sixty-four tertiary pole-cells which do not 
increase in number until a late period of embryonic life; (5) in mitosis 
the pole-disc granules are approximately equally distributed between 
the two daughter cells.’’ However in a later statement of the same 
paper Hegner says that it sometimes happens that the pole-cell nuclei 
do not reach the “‘ Keimhautblastem”’ simultaneously. Noack (1901), 
Hasper (1911) and Huettner (1923) agree with this latter view and I 
find it so in Phormia regina, Pl. IV, Fig. 21, where there are five nuclei 
just reaching the pole-plate. Hegner and Huettner agree that the 
polar nuclei cannot be differentiated from the blastoderm nuclei, as 
long as they have not invaded the posterior polar plasm. Huettner 
(1923, pp. 410-411) says ‘whether or not a cell will become a germ 
cell depends on its position in the egg just previous to the formation 
of the blastoderm * * * and that their differentiation was brought 
about through the influence of the cytoplasm in which they happen 
to become imbedded.” Gatenby (1918) agrees that the germ nuclei 


4 
do not differ from other segmenting nuclei, and that certain nuclei ; 
become germ nuclei because of their accidental position in the egg. 

Hasper (1911) lists the following Diptera in which pole-cells have i 
been found: Chironomus, Tanypus, Simulia, Cecidomya sp., Miastor i 
metratoas, Musca vomitoria, Lucilia caesar, Lucilia illustris, Lucilia i 
regina, Calliphora erythrocephala. \ 

; 

IV. MIGRATION OF THE GERM-CELLS : 


The pole-cells remain inactive for a short time outside the vitelline 
mass and then after the retarded blastoderm layer is completed at the 
posterior pole, they migrate back into the egg mass by wandering 
between the cells of the recently formed blastoderm. This is shown 
in a few of my preparations, Pl. V, Fig. 30. This agrees with DuBois’ 
observations on Sciara (1932, p. 175, Fig. 5 and p. 176, Fig. 6). 


V. THE YOLK CELLS 


The period of yolk cell formation is almost simultaneous with that 
of the blastoderm formation, occurring largely during the second and 
third hours after deposition. 

The outstanding problem with regard to the yolk cells is their 
derivation; whether they are derived from cells which have migrated 
back into the yolk from the blastoderm or from cells left behind in the 
yolk when the other cleavage cells migrate to the periphery to form 
the blastoderm. 

Little is given in the literature concerning the formation of the 
yolk cells. This is due partly to the fact that the early insect em- 

bryologists thought that the mesenteron arose from them. When it : 
was learned that the yolk cells play no part in organ formation and 
that the mesenteron has different sources, interest in them began to 
lag; Grassi (1882-84) and Kowalevsky (1887) have shown that 
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vitellophage cells do not take any part in the construction of organs 
of the embryo. 

In Phormia regina the yolk cells appear to be similar to those found 
in the honey bee; Nelson (1915) classifies them as primary and secondary. 
The primary yolk cells are those which remain behind in the yolk 
when the majority of the cleavage cells migrate to the periphery. 
This type of yolk cell formation was worked out by Bobretzky (1878) 
in the case of Pieris. It has been confirmed by others and proven 
to be the rule among pterygote insects. However Patten (1884) 
in Neophylax, Korotneff (1894) in Gryllotalpa and DuBois (1932) in 
Sciara, found that all of the cleavage cells migrate to the surface of 
the egg and some later wander back into the yolk mass. I find yolk 
cells in the center of the egg in several of my sections, while the 
blastoderm is in a very early stage of development, Pl. III, Figs. 12 
and 13. 


2 


Text Fic. 1. Yolk cell with large vacuolated nucleus. 
Text Fic. 2. Yolk cell with one large vacuolated nucleus and 
two smaller, degenerating nuclei. 


The secondary yolk cells are those which wander back into the 
yolk from the blastoderm, Pl. III, Fig. 14 shows three of these cells 
and the region in the blastoderm from which they have migrated. 
The migration of the cells from the germ band was first claimed by 
Graber (1871) and has also been described by Korotneff (1894), Heymons 
(1895) and Wheeler: (1889). Voeltzkow (1889) and Noack (1901) 
found that cells enter the yolk from the blastoderm in Muscoids. 

There is no apparent difference between the primary and secondary 
yolk cells; this terminology is based on their time and place of origin. 

Instead of the yolk cells taking on a form similar to that of the 
blastoderm’ cells they remain amoeboid. If we consider the single 
continuous mass of protoplasm as one cell this may contain one, two or 
several nuclei. 

The protoplasm of each cell joins with that of other cells by 
strands, thus making the whole inner protoplasm a syncitium. The 
nuclei of the cells show a variety of forms. In some they are quite 
large, vacuolated and the chromatin is irregularly arranged in dark 
masses, Text Fig. 1. In other cells the nuclei are small, dense and 
heavily stained throughout, Text Fig. 2. These latter are degenerat- 
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ing nuclei, (Nelson, 1915, p. 231, Fig. 92, and p. 235, Fig. 94). Often 
a large vacuolated nucleus lies very near a dark stained smaller one. 

During the formation of the blastoderm the yolk cells are scattered 
irregularly among the yolk globules, but when the blastoderm is com- 
pleted they are found in an agglomerate mass, crowded close together 
in a longitudinal row, extending down the center of the egg, Pl. V, 
Fig. 26. 

Dickel (1904) and Nachtsheim (1913) say that they find mitotic 
figures in yolk cells. Friederichs (1906) found multiplication of nuclei 
chiefly due to amitotic division. Several of my sections indicate that 
there may be amitotic division, Pl. VI, Fig. 34, although this is a matter 
of special cytological investigation. 

There are no indications in the eggs of Phormia regina as far as I have 
studied them, of a splitting of the yolk itself into polyhedral blocks or 
segments as is found in Orthoptera, Coleoptera and Lepidoptera. 


VI. GASTRULATION 


The few embryos which I found in this stage of development were 
present in eggs which had been deposited two and four hours. 

The use of the term gastrulation for the developmental process 
which follows blastoderm formation has been somewhat disputed. 
This is probably due to the fact that the process is quite varied in 
insects and in some becomes greatly modified. Patten (1884) says 
in this regard ‘‘Objection has been made to the use of the term ‘gastrula’ 
on the ground that the invaginated cells do not give rise to the endo- 
derm. * * * * * * * J cannot see that it would influence the use of 
the term in this case, for it seems to me that an inherited tendency to 
produce an invagination, the sole object of which is to cause a differ- 
entiation into germ layers, however successful or unsuccessful the 
attempt may be, should receive the name that was originally applied 
to the more simple condition, always holding in mind, however, that 
it is a condition modified by various agents, the nature of which may 
or may not be known.” 

A typical gastrular invagination is present in my sections. I will 
describe here only the formation and closure of the ventral groove and 
hope to study its modifications in later work, and show how the meso- 
derm and entoderm are derived in relation to it. 

Dawydoff (1928) gives two general types of gastrulation found 
in insects; first, multipolar, chiefly characteristic of the parasitic 
Hymenoptera, and second, the polar type. This latter is the more 
common mode of gastrulation in insects. It is found especially in 
Coleoptera, Hemiptera, Diptera and some Lepidoptera. 

The occurrence of the gastrular groove at this stage of develop- 
ment is quite common in insects, varying in its depth in different 
orders, though in some it is a very fleeting stage. This may be the 
reason I obtained but three embryos showing this stage, even though 
many eggs of approximately the same age were sectioned. 

A long and deep gastrular groove is present in Phormia regina. 
I did not find that this groove changed into a real tube. An elongation 
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of the cells, Pl. VI, Fig. 32, appears on the ventral side of the egg about 
1S microns from the anterior end. This indicates the region of the 
groove although none has actually appeared this far forward. About 
S4 microns from the anterior end, the groove does appear as a rather 
shallow invagination, Pl. VI, Fig. 33. As it proceeds posteriorly it 
becomes narrower and deeper; in cross-section the cells are arranged 
in the shape of a fan around the groove and the edges almost meet 
at the center of the egg, Pl. VI, Fig. 34. Farther back the groove 
becomes more shallow but is quite broad and so continues as far 
posteriorly as I obtained sections. The last few sections of the eggs 
were torn and I am not certain what the condition is at the extreme 
posterior end. Later stages indicate that it would be as I have shown 
it in the diagram. Yolk globules become incorporated in the cells, 
expecially in those which have invaginated. Several yolk cells are 
present among the globules in the center of the egg. 

This process in Phormia regina corresponds very closely to that 
— by Voeltzkow for Musca vomitoria (Pl. II, Figs. 238, 24, 25, 
27, 28, 1889). He found that the groove does not extend quite to the 
anterior pole and that it begins in the anterior one-third and in the 
second third it is quite deep. The cells are radially arranged and 
pointed. Posterior to this the furrow is flattened and almost entirely 
disappears in the middle of the egg (Fig. 26), then the groove begins 
again, at first quite shallow and deepens. My observations on Phormia 
regina agree with those of Voeltzkow except for the disappearance of 
the groove through the center of the egg. I have good sections through 
all but the posterior end. 


VII. CLOSURE OF THE GASTRULAR GROOVE AND FORMATION 
OF THE MESODERM 


As the cells of the blastula lengthen and incorporate the entire 
blastema in their cell bodies, there begins a crowding together of cells 
in the anterior and posterior one-third of the egg; this is the anlage of 
the head and tail folds. Pl. VII, Fig. 36. 

The embryo remains in the true gastrular stage for a very short 
time. This stage is soon followed by the one illustrated in Figures 
37 and 38 which are sections through the center of the egg and show a 
flattened condition of the ventral groove. There is also a thinning of 
the dorsal layer of cells with a crowding together of the cells which 
indicates the very beginning of the mesoderm formation. Figure 39 
is through the posterior end of the egg and shows the beginning of the 
closure of the ventral groove and the formation of the lateral or blasto- 
derm folds. 

Figures 40 and 41 are through an embryo slightly older than the one 
represented in Figures 37, 38 and 39. Here the mesodermal cells are 
more numerous on the ventral side, the dorsal wall becoming very thin. 
The ventral groove is deep here and the mesodermal cells have become 
quite numerous on the ventral side. From these sections it appears 
that the mesodermal cells are formed by proliferation from the cells 
of the gastrular groove region. 
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SUMMARY 


The embryonic development of Phormia regina is from 
twelve to seventeen hours duration; approximately one-fourth 
of this is concerned with cleavage stages and the formation of 
the blastoderm. 

Cleavage is of the superficial type, and the cells migrate 
to the periphery at about the same rate: thus the blastoderm 
is formed at almost the same time over the whole surface of 
the egg. There is some indication that it is formed a trifle 
earlier at the poles. 

While the blastoderm is being laid down, cell differentiation 
occurs by the setting off of pole-cells at the posterior end of 
the egg. After the blastoderm is completed these pole-cells 
migrate back into the vitelline mass, passing between the 
blastoderm cells lying underneath them. Amoeboid yolk cells 
are also formed during this period, some from the cells which 
remain behind in the yolk in blastoderm formation and others 
by the migration of cells back into the yolk from the 
blastoderm. 

A typical gastrular groove is present and extends from the 
anterior one-third of the egg to the posterior end. This stage 
is very fleeting, the groove soon closes and with its closure 
there is a proliferation of cells toward the yolk which form 
the mesoderm. 

This study carries the embryo to the formation of the 
endoderm and the laying down of the digestive tract, which I 
hope to study at a later date. 
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EXPLANATION OF PLATES 


(Figures outlined with aid of projection microscope, details drawn 
under oil immersion lens. ) 


PLATE I 
1. Egg in toto, showing membranes, anterior, posterior, dorsal, ventral 
regions. 
2. Transverse section through the first two cleavage cells; cut at approxi- 
mately the same position as A-B in Fig. 3. 
3. Longitudinal section showing the first two cleavage cells in the same stage 
as in Fig. 2. 


.4. Transverse section through the first two cleavage nuclei still retained in 


the same protoplasmic halo, but slightly separated from each other. 
5. Transverse section through the first two cleavage cells quite separated 
from each other, each with its distinct protoplasmic halo. 


PLatTeE II 


ig. 6. Transverse section through four cleavage cells, showing the nuclei of 


three, and the fourth indicated by a small part of the protoplasmic halo. 
From the center of the egg. 
7. Transverse section through seven cleavage cells, showing their migration 
toward the periphery. One-third of the distance from the posterior end. 
Through about C-D, Fig. 9. 


.8. Transverse section through twelve cleavage cells showing the migration 


of cells toward the periphery and the relation of the daughter cells to each 
other. Through the center of the egg. 

9. Longitudinal section showing three cleavage cells near the mid-line and 
somewhat posterior. 

10. Longitudinal section through five nuclei showing their arrangement near 
the periphery 


Pate III 


. ll. Transverse section showing the cleavage nuclei attaining the periphery. 


One nucleus has remained behind in the yolk. 


. 12. Longitudinal section through a slightly older egg. The nuclei have 


reached practically all of the periphery. This section does not show the 
pole-cells which are found sixty microns nearer the center of the same egg. 


. 13. Transverse section showing cleavage cells at the periphery and three 


yolk cells in the center of the egg 


. 14. Transverse section through the early blastoderm showing the migration 
5 ’ 


of yolk cells. Protoplasmic regions are left between some of the blastoderm 
nuclei indicating that the yolk nuclei have probably migrated from these 
regions. 

15. Transverse section through a slightly older egg. The cell walls are seen 
as furrows extending to the middle level of the nuclei. The inner cortical 
layer of protoplasm is marked off from the outer. There is slight indication 
in the lower left of a basement membrane. 

16. Transverse section through the blastoderm. Inner and outer cortical 
layers are quite distinct. Agglomerate yolk cells in center. 


PLATE IV 


(All of the Figures on this Plate are longitudinal sections through the 
posterior part of the egg. Figs. 17-24.) 


17. Through the pole plate. Polar granules slightly dorsal. Cleavage 
cells near center of egg. 
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Fig. 18. Through pole plate. Slightly older egg. Two cleavage cells are 
approaching the pole plate and are potential pole cells. 

Fig. 19. Shows two pole-cells which have just entered the pole plate and have 
become surrounded by polar granules. At this stage some of the cleavage 
cells have reached the periphery. 

Fig. 20. Several cleavage cells have entered the pole plate and are in the process 
of mitotic division. 

Fig. 21. Seven cleavage cells have entered the pole plate and their outer portions 
have become surrounded by polar granules. The germ cells thus formed are 
somewhat dorsal. 

Fig. 22. Five germ cells are entirely cut off from the egg proper, and one is about | 
to be cut off. Beginning of the formation of the posterior blastoderm under- 
neath the pole-cells. This shows the cone of formative protoplasm extending 
into the volk. 

Fig. 23. Four pole-cells in protoplasmic connection with the egg. Blastoderm 
almost completed at posterior pole. 

Fig. 24. Four pole-cells separated from the egg. The blastoderm laver beneath 
them is irregular in outline. 


PLATE V 


Fig. 25. Transverse section through the late blastoderm showing the separating 
walls extending to the base of the nuclei. Cortical layer is divided more or 
less regularly by a layer of yolk into outer and inner cortical layers. 

Fig. 26. Longitudinal section through the late blastoderm. Yolk cells are 
scattered among the yolk globules in the center of the egg. This section is 
taken a little to one side of the pole-cells. About 20 microns nearer the center 
of the egg pole-cells may be seen which are in the process of inward migration. 
See Pl. V, Fig. 30, for this. 

Fig. 27. Transverse section through the tip of an egg in a very early cleavage 
stage. The egg at this stage has formed four cleavage cells. Pole plate on 
dorsal side of the egg. 

Fig. 28. Transverse section through the posterior tip of the egg showing parts of 
ten germ cells. Early blastoderm stage. 

Fig. 29. Transverse section through same egg as Fig. 28, slightly anterior. 
Shows eight pole-cells with protoplasmic connections to egg protoplasm. 
Also nine pole-cells which have not separated. 

Fig. 30. Longitudinal section through posterior end of late blastoderm. Showing 
the inward migration of pole-cells, four of which are seen in section. 


PLATE VI 


Fig. 31. Diagrammatic outline of egg to show the position of the following figures 
through the gastrular groove. 


Fig. 32. Transverse section through anterior part of egg. (A-B of Fig. 31.) 
No groove present, but cells of ventral side are somewhat more elongated 
and crowded than on dorsal side. Cell walls not established on ends of cells 
next the yolk. 

Fig. 33. Transverse section thirty-four microns posterior to Fig. 32, (C-D of 
Fig. 31). Shallow invagination shows the beginning of the gastrular groove. 
All but a few of cell walls have been completely established. 


Fig. 34. Transverse section through the center of egg. (E-F of Fig. 31). 
Gastrular groove has deepened and the two sides almost come together. A 
yolk cell in the process of division. 

Fig. 35. Transverse section through the posterior part of the egg. (G-H of 

Fig. 31). The groove is much flattened but yet quite broad. 
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Fig. 36. Longitudinal section through the 


tail folds. 


late blastula showing the head and 


Fig. 37. Cross-section through the center of an egg in the late gastrula stage. 
Shows the crowding of the cells forming the anlage of mesoderm. 


1 


Fig. 38. Cross section of same egg as shown in Fig. 37, only slightly posterior. 


Ventral groove flattened. 


Fig. 39. Cross section through posterior end of same egg. Anlage of tail folds. 


Gastrular groove deep and narrow. 


Fig. 40. Cross section of an egg slightly older than the previous ones. Pro- 


liferation of mesoderm cells. 
Fig. 41. Cross section through center of «€ 


Gastrular groove obliterated. 
Dorsal cell layer thin. Lateral 


folds forming. Mesodermal cells separating in region of gastrular groove. 
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BOOK NOTICES 


A MANUAL OF ENTOMOLOGICAL EQUIPMENT AND METHODS. 
Part I. By AtvAH PETERSON. Pages 1-21, with 138 plates, 12 charts. 
Lithoprinted by Edwards Brothers, Inc., Ann Arbor, Mich. $3.75 

Most entomologists observing insect activities have at one time or another 
felt the need of a reference work on methods and equipment which have been 
found of value to other workers. Especially does this need become apparent 
after one has scanned the literature with more or less success for help on some 
particular problem. In the preparation of this manual a great many hours were 
spent looking through hundreds of publications by entomologists on biological 
and insecticidal subjects. In less than ten percent of the articles examined was 
enough detailed information given concerning methods and equipment used, 
enable the reader to repeat the experiment and obtain results which might compare 
favorably with the original. The author of the present volume has shown con- 
siderable courage and perseverance in collecting and illustrating so much valuable 
information on the subject. 

This volume, though appearing as Part I, is complete in itself and will be 
followed by a supplementary part. The style in which the material has been 
treated differs greatly from other entomological publications and is designed for 
instant reference. The manual contains twelve closely printed pages of text, 
one hundred and thirty-eight plates, each containing from three to fifteen or-more 
well labelled figures with references, and twelve tables for the analysis of data. 

Although the manual contains a diversity of material it may be divided into 
the following parts: (1) Planning, constructing. and furnishing of outdoor insectaries 
and shelters; (2) environmental conditions within cages covered with different 
materials, and instruments for measuring cage environments; (3) line drawings 
of cages, traps, cage accessories, large laboratory equipment and other articles, 
and (4) conversion tables, temperature scales and charts. 

An insectary is sometimes defined as any kind of building in which entomol- 
ogists study insects. The author shows by means of plans and photographs the 
trend toward a definite style in modern insectary construction. Fifteen years 
experience in building, supervising and observing construction of many field 
insectaries has supplied him with much information concerning the proper design 
for these buildings. 

Few entomologists are apparently aware of the extreme conditions of environ- 
ment set up in cages covered with poor materials. The environment within cages 
covered with glass or paraffin-cloth is very different from that existing in cages 
covered with thin muslin or wire screen. 

Among the many plates devoted to methods and equipment are several which 
show the construction of cages for different kinds of insects in or out of doors. 
Although most of the cages represented are of moderate size, extremes are shown 
for those covering entire trees and the micro-cages for confinement of thrips. 
The wide range of habits among insects generally has made it necessary to modify 
the simple, square cloth-covered wooden cage to confine insects while mating, 
ovipositing, feeding, hibernating or being transported about the country. Many 
insects have peculiar limitations or responses that make specially constructed 
cages essential. As the type of cage is necessarily different for the various insect 
species or stages present, so are the furniture and accessory equipment. It is in 
this field that the most ingenious devices are figured. 

Much of the contents of the manual may be of value to students and museum 
workers as well as to field entomologists. The part devoted to drawings of 
museum equipment contains many devices not found in general publications. 
Collecting and sorting of large numbers of insects for mass studies are also 
explained. 

Traps and supplementary equipment necessary for their operation have 
received much attention from entomologists dealing with certain kinds of insects. 
Those operated with the assistance of lures or by mechanical means are figured 
extensively. 

It is often desirable to measure one or more factors influencing the environ- 
ment in which insects develop. Many pieces of apparatus are figured which 
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measure temperature, humidity ,« vaporation, barometric pressure, wind velox ity, 
rainfall and sunlight. 

The well-equipped laboratory may contain much of the heating and refriger- 
ation equipment, constant temperature and humidity apparatus, incubators, 
waterbaths, thermocouples, atmometers, and equipment for the study of response 
of insects to stimuli, which are figured in profusion. 

The wide range of conversion tables, the Fahrenheit-Centigrade scale, tables 
for determining relative humidity from wet and dry bulb readings, dewpoint 
tables, and many other items are of chief importance in that they are grouped 
together and are always available for consultation.—B. J. L. 


ENTOMOLOGY with SpEcIAL REFERENCE TO ITS ECOLOGICAL AsPEcTS, by JusTUS 
WarTSON Fo som, revised by R. A. WARDLE, pp. i-ix and 1-605, with 5 plates 
and 308 text figures. Published by P. Blakiston’s Son and Co., Inc., 1012 
Walnut St., Philadelphia, Pa. Price, $4.00 net 

This is the fourth revised edition of Folsom’s ‘‘Entomology.’’ The work of 
revision has been done entirely by Professor R. A. Wardle of the University of 
Manitoba, Winnipeg, Canada. Folsom’s Entomology has occupied a unique field 
and has been one of the most useful books we have had in teaching. It has covered 
a field in the pure science that has been neglected in the systematic and economic 
texts. The third edition appeared twelve years ago. The revision makes the 
book usable again. 

The organization of the volume follows closely that of the previous edition. 
Chapter XIII, Ecology, has been entirely rewritten with the expert advice of 
Professor V. E. Shelford. Nearly one hundred pages of new material has been 
added, the greater portion of which appears to be of a physiological nature mainly 
on development, ecology and behavior, the fields of entomology which have been 
so rapidly advanced in the past ten years by the exact investigations of men in 
applied entomology. 

Folsom’s Entomology has always been useful because of its carefully selected 
bibliographies in various phases of insect biology. About two hundred and 
fifty new titles have been added while those of less value have been deleted. The 
reviewer is very much disappointed at the scarcity of references to the authors 
in the bibliographies. While the omission of these makes a readable class room 
book it seriously lessens the value of the volume to research students in their 
library work. It could have been made an outstanding key to the literature. 
Probably the economic pressure of keeping the volume down in price has necessi- 
tated this omission. 

One questions the up-to-dateness of the parts on behavior when the experi- 
ments of Jacques Loeb are referred to as sound. Loeb deserves a lasting place 
in the history of experimental biology because of his enthusiasm and his force 
in establishing research of this nature, but his technique and conclusions have 
been so severely criticised by his own students that basing conclusions on Loeb’s 
work brings immediate criticism from the more able workers in this field. The 
whole subject has been shown to be so much more complex that various students 
even avoid the use of the term tropism. 

Over emphasis is at times laid on doubtful things. On page 436 Protocimex 
and Palaeoblattina are discussed as Silurian insects with merely a note that 
Handlirsch doubts that these are insect remains. One should read Handlirsch’s 
discussion on pages 55-57 of the ‘‘Fossilen Insekten.’’ Tillyard is probably 
correct is placing the earliest known remains in the Devonian. The Little River 
fossils of New Brunswick have been shown to be Carboniferous. Too frequently 
the reader finds the main text built up on conclusions that were orthodox ten 
vears ago while the later work that often modifies or even seriously questions 
the earlier work is merely mentioned in a sentence at the end of a paragraph. 
This style may come from the necessities of using the older text and adding to that 
merely a cautionary sentence or two without upsetting the original copy. 

In spite of these comments Folsom’s Entomology has renewed its youth and 
will be a very useful book to all entomologists. It is rewritten in a style that makes 
reading a delight and not a chore to be hurried through with. It is beautifully 
printed and very solidly bound in green buckram.—C. H. K. 








